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Letter of Transmittal 



November 30, 1987 



My Dear Mr. President: 

In accordance with Sec. 4(j)(l) of the National Science Foundation Act of 1950, 
as amended, it is my honor to transmit to you, and through you to the 
Congress, the eighth in the series of biennial Science Indicators reports, this time 
retitled. Science & Engineering Indicators— 1987 . 

These reports are designed to display a broad base of quantitative informa- 
tion about U.S. science, engineering, and technology for the use of public and 
private policymakers in their decisions about these activities. 

The actions of Government and industry in recent years demonstrate their 
recognition of the critical contributions of basic research and advanced tech- 
nology development to our health, welfare, economic competitiveness, and 
national security. The quantitative analyses in this report portray these develop- 
ments in some detail, thereby improving our understanding of the scientific 
and technological enterprise. 

As in previous reports, basic information is provided on U.S. and com- 
parative foreign trends in R&D support and performance, school science and 
mathematics, human resources for science and technology, technological inno- 
vation and trade in high-technology products, and public attitudes toward 
science and technology. New features of this report include a chapter on 
"Higher Education for Scientists and Engineers" and an "Overview" section 
that features the major findings of the report. 

I and my colleagues on the National Science Board trust that this report will 
be of value to your Administration, to the Congress, and to those concerned 
with science and technology policy. 



Respectfully yours. 




Roland W. Schmitt 

Chairman, National Science Board 



The Honorable 

The President of the United States 
The White House 
Washington, D.C. 20500 
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Introduction 



This volume is the eighth in the biennial Scicuce hidica- 
/ors series initialed by the National Science Board in 1972. 
The report has been renamed Scicuce & En^uiccrin^ hidka- 
tors (S&El) 10 reflect an increased awareness of the com- 
plementary roles played by science and engineering re- 
search and education in creating both new knowledge 
and new technological products and processes. 

The series provides a broad base of quantitative infor- 
mation about the structure and function of American 
science and technology in order to inform national pol- 
icymakers who must allocate resources to these activities. 

More specifically, our leaders and policymakers need 
to know what kinds, levels, and directions of national 
effort in science and engineering research and education 
are necessary in order to: 

• Produce significant advances across a broad front in 
the understanding of natural and social phenomena 
(basic research); 

• Foster vigorous inventive activity to produce con- 
tinuing technological advances (applied research and 
development); 

• Combine understanding and invention in the form of 
socially useful and affordable products and processes 
(innovation); and 

• Assure an adequate supply of highly trained scientists 
and engineers to staff the Nation's businesses, schools, 
and government. 

The science, engineering, and technology system is 
less easy to measure than other major functional areas of 
our society such as health, agriculture, or the economy. 
This is in good part due to the nature of its primary 
output— knowledge and ideas. People create, communi- 
cate, and carry ideas; and dollars support people. We can 
and do track people and dollars. But our methods for 
measuring science as a body of ideas and its connections 
with the social and economic order are still unsophisti- 
cated. Thus, our indicators remain— for now— largely 
measures of aspects of science and engineering /?5 sd5 of 
activities, rather than as fmrticulnr bodies of kuowledi^ie. 

The elements of the science, engineering, and tech- 
nology system in America are: 

• The human resources, including mainly the working 
scientists and engmeers themselves, but also their 
technical support and technical managers and 
entrepreneurs; 

• The various organizational settings for thu conduct of 
research and development and technical education; 

• The substantive ideas and research methods and trat- 
egies embodied m large part in science and engineer- 
ing literatures; 



• The physical infrastructure, including research and 
teaching facilities and instrumentation with the most 
advanced capabilities; 

• The necessary financial support for all of these ele- 
ments; and 

• Probably the least tangible, a cultural, economic, and 
legal context supportive of these efforts. 

These elements and subelements, while easy to spec- 
ify in principle, are difficult to describe in practice. Many 
problematic research issues are involved— for example, 
choosing definitions and information-gathering methods 
in terms of their costs and benefits. Kven more critical are 
the problems of tracking and analyzing the interactions 
among the imperfectly measured elements— the dynam- 
ics of tlv' system. Continuing investigation into these 
questions is a sijwqun }iou of improved indicators, and the 
National Science Foundation (NSF) does provide modest 
funds for external research projects in this area. (See 
Program Announcement NSF 85-50.) Descriptions of 
projects currentlv under way are available in Project Suuh 
maries: FY 1986 (NSF 86-313). 

About one-half of the quantitative information in this 
report is generated by the national surveys and studies 
conducted on a continuing basis by the Division of Sci- 
ence Resources Studies (SRS;. Detailed reports of these 
studies are listed in the Division's Publications List: 
1977-1987 (NSF 87-312). 

In response to suggestions from a variety of sources, 
both the substance and format of S&EIS? have been 
modified from previous editions. 

• The Overview section has been changed from a purely 
textual exposition to a set of graphic displays of the 
report's major findings, accompanied by short descrip- 
tive captions and references to the more extensive 
discussions in the chapters. 

• A new chapter, "Migher Education for Scientists and 
Engineers," focuses on the education and training of 
scientists and engineers and the roles played by dif- 
ferent kinds of higher education institutions. 

• To provide more complete roverage of each major top- 
ic, the international comparative aspects of each topic 
have been integrated into the chapters. Significant in- 
ternational comparisons are presented together in the 
Overview section. 

• A discussion of basic research in various settings has 
been added to the chapter on academic research. 

• The chapter containing narrative discussion of se- 
lected advances in science has been discont.nued on 
the grounds that these qualitative materials ar«^ more 
appropriately handled elsewhere. 



ii. 



Science df Eugiuecmg Indicators— 1987 is a colleclive 
effort, as can be seen in Ihc following acknowledgments 
and in Appendix 11. Overall responsibility for the report 
derives from the statutory charge to the National Science 
Board |Sec, 4(j)(]) of the National Science Foundation Act 
of 1950, a<; amended). A special committee of National 
Science Board members provided oversight and guid- 
ance to the staff of the Science hidicators Studies Group 



of the Division of Science Resources Studies, who work- 
ed exclusively on the report and the related research. 
Other SRS members, ^$ well as staff members from other 
NSF Directorates, aided in manuscript preparation. Nu- 
merous external expert reviewers and users helped shape 
and sharpen the indicators. Overall staff responsibility 
for the report was assumed by the Directorate for Scien- 
tific, TechnologiCcil, and International Affairs. 
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Overview of U.S. Science and Technology 



SYNOPSIS 



By all conventional standards, U.S. research and de- 
velopment (R&D) has enjoyed vigorous growth in recent 
years. The two major sources of R&D funds — thj Federal 
Government and industry — have been driven by the 
twin concerns of national security and economic compet- 
itiveness to maintain a fast pace of R&D investment. 

In 1986 the U.S. research and development enterprise 
entered its 10th year of uninterrupted real expansion 
with a healthy 5.9 percent constant-dollar increase over 
1985. The basic research component of R&D also con- 
tinued to expand, although at a slightly lower rate (5.4 
percent between 1985 and 1986). Similar continuing 
growth patterns are evident in the employment of sci- 
ence and engineering (S/E) personnel in the economy, 
and in R&D as a percentage of gross national product 
(GNP). S/E enrollments and degrees have also shown 
small upward trends although, as discussed below, this 
may be the result of the flow of foreign citizens into S/E 
fields, especially at the graduate level. 

In several areas relevant to science and technology 
(S/T), the U.S. can be seen as in a "holding pattern" over 
the past decade. For example, in the area of technological 
innovation, the number of patents granted to U.S. organ- 
izations or individuals has fluctuated within a fairly nar- 
row range over the period. The U.S. has also continued to 
maintain both its share of world international trade in 
high-technology goods and world scientific publications 
in all fields with only a slight drop in these over the 
decade. 



Matters for concern appear at both the input and out- 
put ends of the S/T spectrum — the condition of pre- 
college science and mathematics education, and the abil- 
ity of U.S. corporations to compete in world markets for 
high-technology goods. 

There is no evidence of an upturn in the low perform- 
ance levels of U.S. schoolchildren on science and mathe- 
matics achievement tests, nor in their continuing rela- 
tively poor performance on such tests in comparison 
with some other industrial countries. U.S. State and local 
school jurisdictions have recently been investing signifi- 
cant resources in this problem area, but it is apparently 
too soon to see any results. 

Compounding the "input issue," are the demograph- 
ics of the 1990^5. The shrinking of the college-age popula- 
tion suggests difficulties in maintaining an adequate flow 
of new science and engineering personnel unless young 
people — especially minorities and women — can be in- 
duced to increase their participation rates in college sci- 
ence and engineering programs. 

At the output end, in 1986 the U.S. balance of trade in 
high-technology goods became— for the first time — a 
negative, thus intensifying the search for measures to 
improve U.S. international economic competitiveness. 

The following displays summarize the major findings 
delineated in the various chapters of Science & Engineering 
Indicators — 1987. Each data display is referenced to the 
discussion in the appropriate chapter. 
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R&D INVESTMENTS IN A WORLD CONTEXT 



In the world context, the U.S. makes by far the largest 
investments in R&D of any Western country. (See figure 
0-1.) The U.S. spends more on R&D than the next four 
largest countries combined. Despite the difference in 



RgiireO-l. 

Expenditures on research and development 
in selectedcountries 

(U.S. 1982 constant dollars' in billions) 
200 
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'Fweifln currency data are converted into U.S dollaxs using current purchasing power 

panties. The daU are then converted to 1982 dollars using the U.S. 6NP deflator. 

See appendix table 4-1 and p. 77. Science & Engineering Indicatsfs - 1987 



absolute size, the U.S. invests approximately the same 
proportion of its GNP in R&D as do the other major 
noncommunist industrialized countries. The display also 
shows that in recent years, the R&D-growth rates of Japan 
and West Germany have been rising faster than that of 
the U.S., enabling these countries to match U.S. R&D 
spending as a percent of GNP. (See figure 0-2.) 

The data in figure 0-2 show that in recent years other 
nations have caught up with the U.S. in R&D invest- 
ments. However, the nature of the investments must also 
be taken into account. If only nondefense R&D is consid- 
ered. West Germany and Japan have been ahead of the 
U.S. for 15 years, and their rate of civilian R&D invest- 
ment as a percent of GNP has been rising faster than that 
of the U.S. for the past 5 years. (See figure 0-3.) 



Figure 0-2. 

R&D expenditures as a percent of GNP, by country 
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Figure 0-3. 

Non-defense R&D expenditures as a percent of GNP, 
by country 
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As the share of national R&D effort a country devotes 
to defense-related activities increases, the share of re- 
sources ic devotes to business-related activities de- 
creases. Figure 0-4 shows a similar pattern to figure 
0-3— in West Germany and Japan, a significantly higher 
proportion of national R&D investments derive from 
business sources. 

Continued growth is observed in U.S. R&D expen- 
ditures, both in constant dollars (figure 0-5) and as a 
percentage of GNP— 2.76 percent in 1986, the hiehest 
level since 1968. 

In recent years, development funds have grown at a 
faster rate than has support for basic or applied research. 

A breakdown of Federal defense and nondefense R&D 
by character of work highlights the defense development 
buildup, and also the increasing growth of basic research 
in Federal nondefense R&D. (See figure 0-6.) 



Rgure 0-4: 
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HUMAN RESOURCES 



Rgure 0*6. 

Relitive chinges in federal obligations for defense 
and nondefense of work 
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'GNP (mplidt p(fcs (ieflators used to convert current doiUrs to constant t982 doQars. 
S«eappentfbc table 4*37 and p. 77. Science & Engineering Indicators — t9d7 



International Comparisons 

Compared with other advanced industrial countries, 
the U.S. proportion of scientists and engineers in the 
labor force who are engaged in R&D has been growing 
faster than Western European countries, but slower than 
Japan. (See figure 0-7.) Because of the great differences 
between the Soviet system and the market economies, 
comparisons with Soviet data require caution. 

Advanced industrial countries vary considerably in the 
proportion of all first academic degrees which are in S/E 
fields, as well as in the relative proportions of natural 
scientists and engineers^ (See figure 0-8.) Soviet and 
Japanese degrees are heavily weighted towards engi- 
neers, while in the United Kingdom natural science de- 
grees outnumber engineering degrees. 



Figure 0-7. 

Scientists and engineers engaged in R&D 
per 10,000 labor force population 
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Figure 0-8. 

First university degrees by field and cctuntry 



(Percent) 




United 'Japan West. United France* U.S.S.R. 
States (1985) Germany Kingdom (1984) (1985) 
1985 (1984) (1984) 



'Includes physical sciences, biological sciences, and mathemallcs, 
Mncludes social sciences. 

'Degrees lor France are nuitrlse degrees, plus engineering degrees. 

French agricultural sciences are Included in natural science. 

See appendix table 3-23 and p. 71. Science & engineering Indtcaiors - t987 
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S/E Employment in the U.S. 

The employment of scientists and engineers continues 
to grow as a percentage of the total U.S. labor force. (See 
table 0-1.) 

Scientists and engineers have grown more rapidly than 
several other aspects of the economy— such as total em- 
ployment and GNP. (See figure 0-9.) 

There are about 10 percent more employed engineers 
than scientists in the S/E labor force; S/E distribution by 
field is shown in figure 0-1 0. 



Table p-1. Employed scientists and engineers as a 
_ ; pefde^^ etnpjoym ent 

Y'^^f . ' i :J.\ . ,^ . \\ ^ ^\ [ ^ ' Percent 

1976 7..^^^^'.. 17;:.; ; ..... . 5^ 

1978........ 2^5 

1980 2.6 

1982 29 

1964^ 33 

!^V;r---->->x;vr:>.>>::>.: ^ 3.6 

SOURCES; Bas€«J w Foundation, as, Sa'entists and 

£nginedfsyi9St4: f^oinom/c ^ohofthe Presideni, 1987, pp. 282; National 
ScJ€fk» Fdundatior^^^^ ot Science Resources Studies, unpublished 
data. : ' 

See appendix table 3-2 and pi:53. 
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Figure 0-9. 

Relative growth of selected economic indicators 

Index: 1976 = 100 
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Figure 0-10. 

Scientists and engineers employed In S/E iobs 
and In non-S/E jobs, by field: 1986 
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S/E relative growth rates are shown in figure 0-11. The 
most remarkable recent trend has been the rapid growth 
of computer specialists at all levels of education. 
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Figure 0-11. 

Employed scientists and engineers, average 
annual growth, by field: 197610 1986 
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Women and Minorities in S/E 

Employment of women and minorities has increased 
rapidly, but they continue to be underrepresented in 
science and engineering. Women constituted less than 4 
percent of all engineers and nearly 25 percent of em- 
ployed scientists. They were more heavily represented in 
some fields than others. (See figure 0-12.) 



Figure 0-12. 

Women as percent of total employed scientists 
and engineers.in S/E fields: 198S 
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The S/E fields enjoying the nost rapid increases in 
employment of women are shown in figure 0-13. Again, 
computer specialists show remarkable growth. 



Figure 0-13. 

Average annual growth; rates of employed 
scientists arid engineers by S/E field 
and sex: 1976-1986 
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Blacks and Hispanics remain underrepresented in S/E 
jobs, although blacks made significant gains over the 
decade. (See figure 0-14.} Recent data on enrollment of 
U.S. blacks and Hispanics in graduate S/E degree pro- 
grams show level or declining participation (see chapter 
2, "Higher Education for Scientists and Engineers/' 
p. 43), suggesting slow future growth in minority S/E 
employment. 

Asian-Americans have increased their share of S/E jobs 
from 5 percent to 6 percent; thi. is far greater than their 
distribution in the population. 



Figure 0-14. 

Employment of minority scientists and 
engineers as a percentage of total employment 
of scientists and engineers 

(Percent) 
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Prerollege Education 

In a series of international comparative studies, U.S. 
college prcparntory mathematics students scored lower 
on achievement tests than did their counterparts in most 
of the countries studied. (See figure 0-15.) 

Sincp 1969, the National Ass'^ssment of Educational 
Progress studies have tracked the achievement of na- 
tional samples of 9-, 13-, and 17-yedf-old3 on mathe- 
matics and science tests. Between 1969 and 1977 perform- 
ance on these tests declined among all age groups, but 
since 1977 there have been no statistically significant 
changes in the scores for the whole population of 
children. 



Figure 0-15. 

Achievement in functions and calculus of the 
top 1% and 5% of 12th grade students, 
by country: 1981/82 
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See appendix table 1-6 and p. 24. Science & Engineering Indicators - 1987 



Recently, however, some interesting shifts have oc- 
curred among specific groups. Between 1981 and 1^86, 
black children of all ages registered significant test score 
gains in both science and mathematics. In the 1985/6 test, 
black 13-year-olds outscored Hispanic 13-year-olds for 
the first lime in both subject matters. (See figures 0-16 
and 0-17.) 



Figure 0-16. 

Achievement scores in mathematics, by age, 
race, and.year 
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See appendix table M and p. 21. 
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Further, 17-year-olds from all ethnic groups showed 
small overall gains in both science and mathematics 
scores. The improvements in mathematics are believed to 
be related to increased enrollments in intermediate and 
advanced mathematics courses. 



Figure <J-17, 

Achi^vtmoirt scores in scienco, by age, 
raoe^^Ddyear 

(Percent) 
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S«« appendix Ubt« i-2and p. 2i. 
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Higher Education 

Increases of 5 lo 6 percentage points m the college- 
going rates for U.S. 18- to 21-year-oldb are observable 
over the past 5 years, These increases in the college-gonig 
rates of some groups— especially women— have kept 
total enrollments on the undergraduate level sufficiently 
high to compensate for the declining si/e of the 18-year- 
old population which began in 1979. (See figure 0-18.) 

The past decade's rapid growth of engineering and 
computer science students has ended. From 1982-86, 
there was a dramatic decline in computer science as a 
freshman major and a smaller decline in encineerinc 
(See figure 0-19.) ^* 

Parallel declines are seen in freshman choices of these 
areas as probable future occupations. 



Figure 0-18. 

College-going rates of 18-21 year olds, by selected 
race and gender 
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Figure 0-19. 

Freshmen plans: 1982 and 1986 
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Table 0-2. Science and engineering degrees, 
by level and field 

Degree lev el and field 1982 19^*? 1984 1985 1986 

Total S/EbacheIor*s,. 302,1 18 307,225 314,666 321,739 NA 

Physical sciences , 24,372 23,497 23.759 23,847 NA 

Engineering 67,791 72.954 76,531 77,871 NA 

Mathematics 11,708 12»557 13,342 15.267 NA 

Computer sciences 20,431 24»678 32,435 39,121 NA 

Ufa sciences 65,041 63,237 59,613 57,812 NA 

Psychology 41.539 40,825 40,375 40,237 NA 

Social sciences ... 71,236 69,477 68,611 67,574 NA 

Total S/E masters ... 57,025 58,868 59,569 61,278 NA 

Physical sciences . 5,526 5,288 5,568 5,802 NA 

Engineering 18,594 19.721 20,352 21,206 NA 

Mathematics 2,731 2,839 2,749 2,888 NA 

Computer sciences 4.935 5,321 6,190 7.101 NA 

Life sciences 9,824 9,720 9,330 8.757 NA 

Psychology 7.849 8,439 8,073 8.481 NA 

Social sciences ... 7,566 7.540 7.307 7,043 NA 

Total S/E doctor's .. . 17.626 17,932 18,069 18,261 18,792 

Physical sciences . 3,351 3.439 3,459 3,534 3,679 

Engineering 2,646 2,781 2,913 3.167 3,376 

Mathematics 720 701 698 688 730 

Computer sciences 220 286 295 311 399 

Life sciences 4,841 4,749 4,869 4,882 4,790 

Psychology 3,158 3,309 3,230 3,072 3,071 

Social sciences . . . 2,690 2,666 2.608 2,608 2,747 

SOURCE: National Science Foundation. Science & Engineering Education Soc- 

tor Studies Group, unpublished data 

See figure 2-3. appendix tables 2-9 and 2-10 and pp. 44-45. 
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Over Iho p,isl doc«uk\ foroii^n sUidoiils ha\c iiurtMscd 
siKnificanlly in all S^l: (\vk\s as a proporlii)n of all Kradii- 
alc sludoiils cMirollod in U.S. doaoral-i»rnnlinK tnslilii- 
lions. (Sec figure 0-20.) The Irond is slroni»csl in Iho 
maUiomalical, physical, and compukT scicmkos. 

Gradiinlc doi»rccs i^ran led lo li)rcMi»n cili/ons havo also 
incroasod, in 1^)84, for example, 32 percent ol all U.S. 
onj;ineerinK l^li.D/s were awarded io foreij;n cili/ens. 



Figure 0-20. 

Foreign students as a percent of full-time 
graduate enrollment, by field of study 
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KNOWLEDGE CREATION AND APPLICATION 

The relative streni^th of U.S. ba .i^ and applied research 
is indicated by the share ol articles written In U.S. au- 
thors in the worlds leading; S/i: journals. Over the past 
decade, the U S has more or less maintained this share, 
with some decreases in bioKm\ and mathematics. (See 
table 0-3.) 

The data in l"ij;ure 0-21 suj-gest the increasing; rele- 
vance of fureij;n scientific work to U.S. science and enj»i- 
neerinj; research. Between 197-1 and mA, there were 
significant increases across all S/I- fields in the percentai»e 
ol all references in U.S.-authored articles to non-U.S. 
articles. 

Since 1970, U.S. inventors have been j'ranled around 
40,()()() patents a year. U.S. patents j-ranted to foreij-n 
inventors, however, increased bv one-third durinj» the 
same period. (See figure 0-22,) Japanese inventors were 
by far the most active in increasing their U.S. patenting. 



Table 0-3. U.S. share of world scientific and 
^ technical articles^ by field 

^''e^d' ^ 1973 1981^ 1984^ 

Percenl 

AH fields 38 35 35 

Clinical medicine 43 40 41 

Biomedicino 39 39 39 

Biology 46 38 37 

Chemistry 23 20 21 

Physics 33 28 27 

Earth and space sciences 47 42 41 

Engineering and technology 42 41 40 

Mathematics 43 33 37 

» Based on iho nrlicles. notes, and reviews In over 2.100 of the Intluontual 
journals carried on iho ScIoncQ Otation tndox Corporaio Tapes of the 
Institulo for Scioniific Information. 

* See appendix labto 5-27 for Iho subfiekJs included in iheso fields, 
' Uses over 3,500 of Iho intlueniial journals carried on iho 1981 Soonco 
Gtation tndox Corporate Tapes of iho InsMulo for Scientific fnfofmal<cn. 
See appendix table 5*26 and p, 99. 
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Figure 0-21. 

U.S. references to foreign articles, 
as a percent of all references in U.S. 
authored articles 
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research. The sector enconipassini; liu* Ivderal Clovern- 
menv (incliulini; IVderally luiuled Kv'^l) centers) and 
other performers accounted for about one-third of all 
basic research, a little more than one-ihird ol all applied 
research, and about one-sixth of all development 
activities. 

Academic K&P has i;ro\vn sii;nilicantl\ over the past 
decade— 5^ percent between !^)7( muI I^)S() in conslanl 
dollars. (See fii;ure 0-2-1.) While 0' oveiall pattern of 
academic research has not chani;ed markedly, there have 
been si)me sii;nilicant shitls amoni; lields. t'ni;ineerini; 
research has increased its share ol the total bv about 3 
percent, and the broad i;roup of phvsical sciences has 
claimed an additional 2 percent over the decade. The life 
sciep.ces K^^st a I -percent share, while the bii;i;esl losses of 
total share were nuurred b\ the social and psvcholoi;ical 
sciences and oth<'r sciences, vhich dropped bv-1 percent. 



Figurs 0-23. 

Basic and applied researcti and development, 
by sector: 1985 



Flg.re 0-22. 

U ii. patents granted, by nationality of inventor 
and date of application 
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Figure 0-24. 

Expenditures for academic research and 
development, by field 
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The Nation is currently experiencing an upsurge of 
capital spending for academic science and engineering, 
although the overall constant-dollar expenditures in re- 
cent years remain less than one-hcdf their 1968 peak 
levels. (See figure 0-25.) 

Federal sources have continued to decline as a percent- 
age of total capital expenditures for academic S/E, provid- 
ing 1 1 percent of the total in 1985— their lowest percent- 
age in more than 2 decades. 

According to a 1986 survey of doctorate-granting re- 
search universities, the bulk of support for new S/E cap- 
ital construction in progress is coming from non-Federal 
sources such as State Governments (40 percent), funds 
from tax-exempt bonds (50 percent), and private dona- 
tions or endowments (14 percent). 



Current fund expenditures for research equipment at 
universities and colleges increased by 80 percent be- 
tween 1980 and 1985. (See figure 0-25.) Funds from all 
sources grew at approximately the same rate, but— un- 
like the pattern for facilities spending— nearly two-thirds 
of the equipment funds came from Federal Government 
agencies. 



Figure 0-25, 

Plant and equipment expenditures in academic S/E, 
by source of funds 

(Constant 1912 dollars' In billions) 

3.0, 



1.6 
1.4 
1.2 
1.0 
0.8 
0.6 
0.4 
0.2 
0 



Total plant expenditures 




^ Current fund , , 

' \^ equipment expenditures *• 
\ (all sources) 

^ federal sources * -* * \ 



JL_L 



( ! 



\ \ \ \ \ \ \ 



\ \ \ \ 



1964 66 68 70 72 74 76 78 80 82 84 86 
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See appendix table 4 22 and pp 80. 81 Science & Engineering indicators - 1987 
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S/T IN THIi MARKETPLACE 

U.S. High-Technology Performance in Inlernalional 
Markets 

Figure 0-2(> depicts the trend in the U.S. trade balance 
in high-technology and other manufactured product 
groups. U.S. trade in high-technology goods has main- 
tained a positive— though declining— trade balance dur- 
ing the past 15 years, in 1986, lor the first time, the U.S. 
balance of trade in high-technology goods dipped into 
the negative. Other manufactured goods have had a 
negative and still declining balance of trade. 



Figure 0-26. 

U.S. trade balance^ in high-technology and 
other manufactured product groups 
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S«e appenca table 7-1 and p, 124 Saence & En$tnecftng IndJcatofs - 1937 



The unpt)rtance ol U \ eign markets to a number o! U.S. 
hjgh-technologv uidustrres is shown in ligure In 
several product lields, more than one-^^juarter ol total 
shipments is exported. 



Figure 0-27. 

U.S. exports as a percent of shipments, 
high-technology products, 1985 
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S/T in U.S. Industry 

In 1986, U.S. industry supplied 50 percent of the coun- 
try's R&D funds, and performed 73 percent of the total 
R&D. As figure 0-28 shows, industry's funding of its 
own R&D activities has been rising at a faster rate than 
Federal funding for industrial R&D for almost a decade. 
As figure 0-29 dramatically illustrates, most of this in- 
crease has been occurring in the high-technology man- 
ufacturing industries. 

In the U.S., large corporations perform the bulk of 
industrial R&D, and manufacture most of the high-tech- 
nology products. Small high-technology businesses, 
however, introduce a disproportionate amount of new 
high-technology products, especially in relation to their 
R&D expenditures. (See figure O-30.) 



Figure 0-28. 

Expenditures for industrial R&D by source of funds 
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Note: Preliminary data are sfpOf^n for t985 and estimates for t986 and t987. 

See appendix laWe 6*2 and p. 104, Sdence & Engfneenng Indicators — 1987 



Figure 0-29, 

R&D expenditures, by industry group 
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Figure 0-30. 

New products Introduced In 1985, 
per million dollars of R&D 
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One of the most sinking changob in R&D funding 
patterns in the past decade has been industry's support of 
university research. Figure 0-31 shows that this trend is 
continuing apace, although it only just exceeds 5 percent 
of university R&D. 



The increasing intensity of the university-industry re- 
search relationship is reflected in the increases in 
coauthorship of scientific articles by industry and univer- 
sity scientists over the past decade. (See figure 0-32.) 



Figure 0-31. 

Industry expenditures for R&D in 
colleges and universities 

(Millions of dollars) 
S700 




q I I I I I t I I I I t I I 1 > I I t I I I 
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'6NP impitCJi pnce deliaiws used lo convefi current dollars to constant 1982 dollars 
Note, Estimates are shown lot i986and 1987, 

SeeappendixtaWe4-iOandp- 78, Science & Engineering Indlcatofs- 1987 



Figure 0-32. 

Portion of ail journal publications^ written 
with industry participation that are 
co-authored with universities 



(Percent) 
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All fields* 

Clinical 
medicine 
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Physics 

Earth and 
space sciences 

Engineering 
and technology 
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'Includes the articles, notes and reviews m over 2,100 ot the inlluential lOur- 
nais carried on the 1973 Science Citmn Index Corporate Tapes ol the Insti* 
tute for Scientilic Inlormation. 

»See appentJw table 5-27 lor a description ol the sublields included in these 
fields. 

See appendix table 5-15 and p, 96.Science & Engineering indicators - 1987 
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PUBLIC ATTITUDES TOWARD SCIENCE AND 
TECHNOLOGY 

In 1981, Ihe first major inlernalional comparative study 
of public attitudes towards science and technology was 
conducted. The study's results, which have recently be- 
come available, show that by a significant margin, the 
U.S. public held the most optimistic view of the long-run 
contributions of science to society. (See figure 0-33.) 

Allowing for inevitable sampling and translation varia- 
tions in the national surveys, the data show that the 
English-speaking countries— headed by the U.S.— tend 
to be more sanguine about science (between two-fifths to 
more than one-half are positive) than are the continental 
European countries, which range around one-third 
positive. The exceptional positions of Japan and The 
Netherlands remain unexplained at this point. 

The data also show that Western democracies closely 
resemble each other in the proportion of their popula- 
tions which believes that in the long run, science is 
harmful to mankind— around 20 percent. 

Historical experience from U.S. surveys shows that 
very general attitudes such as the one displayed here do 
not change very quickly over time. As comparative stud- 
ies in this field develop, they can be expected to reveal 
interesting and important relationships between national 
public attitudes and public policies toward S/T. 



Figure 0-33. 

Public perceptions of benefits and harms from 
scientific advance in selected countries: 1981-83 
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Note Responses to the quesiton "Inihe long run. do you think the scientific advances we 
are making will help or harm mankind?" 

see appendix table 8-9 and p. 148. science & Engineering Indicators - 1987 
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Chapter 1 
PrecoUege Science and 
Mathematics Education 



Precollege Science and Mathematics Education 



HIGHLIGHTS 



• Movements for educalioml reform incahuudaul. Each of 50 
Stale Governments has launched measures aimed al 
improving teacher supply or quality, enhancing 
course-taking in science and mathematics, or other 
similar policies to upgrade student performance. (See 
pp. 29-32.) 

• The pwblcm solving abilihj of clcmculary and secondary 
students in science and mathematics remains at loxo levels. 
Scores on the latest national assessment of mathe- 
matics show that students' problem solving/reasoning 
ability has declined, while their ability lo solve prob- 
lems requiring routine computation and rote memory 
has increased. (See p. 21.) 

• Although blacks and Hispanics beared well hetow their white 
counterparts in all assessments and in all age groups, 
the most pervasive gains were by black students. By 
1987, black 13-year-olds surpassed Hispanicsin mathe- 
matics achievement. (See p. 21.) 

• American students perform relatively poorly in international 
assessments of science and mathematics. Even our best 
mathematics students have the lowest achievement 
scores of any country for which comparable data are 
available. (See p. 24.) 



// is doubtful if there is an adequate supply oj teachers. The 
grandchildren of the post-war "baby^boom" are now 
entering school and, as a result, enrollment in elemen- 
tary school is on the upswing. Teacher supply is down, 
especially among young college-educated women and 
minorities, and many teachers are approaching retire- 
ment age. (See pp. 27-29.) 

Teacher preparation and qualifications reveal serious inade- 
quacies. Only one in three elementary science teachers 
has had a college chemistry course and only one in five 
a college physics course. (See pp. 25-27.) 

More than one-half of all secondary school science teachers 
has never had a college course iii compute) science and 
almost one-half has had no college calculus (See 
pp. 25-27.) 

Gender and race continue to be negatively correlated xoith 
school performance in science and mathematics. Girls gener- 
ally take less course work in mathematics and physical 
science than boys, although they equal boys in time 
spent in classroom biology. Enrollment of minorities 
(except for Asians) is much lower in science and mathe- 
matics than enrollment of whites. (See pp. 21-24.) 



Throughout our Nation's history, we have placed a 
high priority on establishing educational policies lo en- 
sure an informed and educated citizenry. For example, 
the importance of advanced technical education to the 
economy was recogni/ed more than 100 years ago with 
the enactment of the Land Grant College svslem. 

After the Second World War, the new U.S. role in 
inlcrnalional defense placed additional strong demands 
on science and engineering (S/l:) education. Further 
spurred by the Soviet launch of Sputnik, the Federal 
Government helped stimulate the expansion ol the b/L 
workforce by supporting academic S>u education. 

More recently, policymakers have become concerned 
regarding Americas Lompetiti\e position m the world 
economy. It is becoming increasingly evident that 
strength in science and technology is d precondition lor 
economic competitiveness. Consequently, there is a na- 
tional need for careful nurturing of scientific, mathe- 
matical, and engineering education at all le\els. 

Since the early I98()'s, copious national reports have 
been released on various aspects of education in the U.S. 
Most have concluded that there are serious problems in 
our precollege science and mathematics education. 



Among the most prominent problems identified in these 
reports are: 

• Academic performance is inadequate. 

—There is great disparity in achie\ement among eth- 
nic groups and between boys and girls; and 

—U.S. high school students overall are less skilled in 
science and mathematics than some ol our interna- 
tional competitors, especially the Japanese. 

• The teaching force is inadequate. 

'Mie pr()portion of no.icertified teachers m certain 
fields of science and mathematics is relali\el\ high, 
and 

~ The su pply of new science and mathematic s teac hers 
has diminished and the number oi graduates enter- 
ing the teaching profession has also declined. 

• The curriculum is inadequate. 

Many suidents are "turned oil" because ol the rou- 
tine nature of the subject matter, and 
Rote skills rather than 'highei oidei " anaKtic skills 
are taught. 

Fach of these problems is examined in the lollowing 
sections ol this chapter. 
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STUDENT ACHIEVEMENT AND PARTICIPATION 

In the 1985/6 academic year, the National Assessment 
of Educational Progress (NAEP) again tested national 
samples of 9-, 13-, and 17-year-olds in mathematics, sci- 
ence, and — for the first time — computer competence. 
These test results permitted examination of trends in 
mathematics since the 1977/8 academic year' and trends 
in science scores since 1976/7. 



Mathematics Achievement 

Overall, there have been no statistically significant 
trends in the mathematics scores for the total sample 
since 1978. There have, however, been some significant 
changes from one assessment to the next, especially 
when subpopulations are examined. For example, the 
trend for the 13-year-olds turned downward in the most 
recent assessment (see figure 0-16 in Overview), and that 
for male 9-year-olds swung upwards. (See appendix ta- 
ble 1-1.) 

The most pervasive gains in mathematics achievement 
were displayed by black students, who gained — without 
exception — from 1978 to 1986, The 13-year-old blacks 
increased from 48 percent correct to 57 percent correct 
and in so doing surpassed the Hispanics in 1985/6. The 
13-year-old Hispanics dropped significantly in the latest 
period, perhaps because of a substantial increase in their 
number and — with the increase — a likely increase in the 
number whose best language is other than English. 

Analysis of subgroups of the mathematics items shows 
that those items designed to measure higher-level ap- 
plications (problem solving/reasoning), routine applica- 
tions, and understanding/comprehension tended to dis- 
play downward trends; on the other hand, items reflect- 
ing skill (routine manipulation) and knowledge (mostly 
memory) and items measuring skill in using a calculator 
tended to display upward trends. These results suggest 
that teachers have responded to the demand for better 
performance by requiring more practice on routine com 
putations and rote memory. 

Biographical information provided by NAEP subjects 
indicates that the precollege student population changed 
from 1982 to 1986 in mr.ny ways, some of which may have 
had important implications for math and science educa- 
tion. At all three age levels, a smaller proportion of the 
sample subjects reported that their parentb had only a 
high school education and a larger proportion reported 
they were college graduates. The 17-year-oldb reported 
an increase in television watching (the 9- and 13-year- 
olds were not asked). The number watching TV 3 or more 
hours a day increased from 27 percent in 1978 to 36 
percent in 1982 and 56 percent in 1986. This increase may 
have impaired achievement, "hours of watching" is nega- 
tively correlated with achievement. However, "time 
spent on homework" also increased, the percentage re- 
porting 1 or more hours increased from 29 percent to 37 



'Although a naliondl cisbObsmcMil of bticntc vv<is tunduttcd in \*-M»7i] 
and m malhemciticb in 1972/3, lOr technical rciiboni* these rcbuU.suru iiul 
comparnble with dnln for Idler yonrs. 



percent to 66 percent. This increase in homework may 
liave counteracted the negative effect of television watch- 
ing. Perhaps of more importance as far as the math 
achievement of 17-year-olds is concerned, the 1985/6 sub- 
jects reported a small increase m enrollments in inter- 
mediate and advanced mathematics (from 57 percent to 
61 percent in geometry, algebra II, and calculus) and a 
small decline in the percentage who reached only pre- 
algebra or algebra 1 (from 40 percent to 37 percent). Fhe 
increased mathematics enrollments coincided with the 
increase in achievement for 17-year-olds. 

Changes in enrollment were especially evident for 
black btudentb, whose enrollment in pre-algebra and 
algebra I increased slightly from 1978 to 1982 (50 percent 
to 54 percent) and then fell from 1982 to 1986 (54 percent 
to 45 percent). Further, the percentage reaching geome- 
try, algebra II, or calculus dropped slightly in the first 
period (from 42 percent to 41 percent) and then increased 
substantially in the second (from 41 percent to 48 per- 
cent). These oveiall gains in mathematics enrollments 
may well explain gains in achievement by blacks. 

Science Achievement 

The national results for science achievement in general 
parallel those of mathematics except that the 13-year-olds 
did not display a downswing from 1982 to 1986. (See 
figure 0-17 in Overview and appendix table 1-2.) Both 
males and females gained, as in former assessments, the 
females had higher means at 9 years (with the exception 
of 1976/7) and the males had higher means at the 13- and 
17-year levels.^ The difference between males and 
females converged slightly from 1982 icr 1980 (by 0.3 
percentage points for the 1.3-year-olds and 0.6 percentage 
points for tlie 17-year-olds). 

White, black, and Hispanic students each gained ex- 
cept for 13-year-old Hispanics who declined slightly in 
science achievement from 1982 to 1986, Both blacks and 
Hispanics continued to perform appreciably less well 
than whites although the gap between blacks and whiles 
decreased slightly, by 2 percentage points at each age 
level. 

Computer Competence 

In a new effort, the computer competence of 9-, 13-, 
and 17-yeai -olds was assessed in 1980. Computer compe- 
tence was defined as general knou ledge of computers 
and understanding of the concepts behind computer 
operation, familiarity uith computer applications, and 
programming ability. The NAEP staff concluded that 
overall computer competence iO primary and secondarj' 
schools was "markedly lower than expected or desired," 
that "students with the greatest proficiency are those 
who have most exposure to computers at home and at 
school," and that students uho come from families with 



^Nine-yen r-olds were not tested for science content in the 1982 sur- 
vey. The data for 1982 shown here are based on achievemoiM ol 9-year- 
i)lds on jniiuir)^ and sticntc ttthnulu^v and sutii t) items in 1982, 
weighted in pri»purtu)n li> the nunilKri>t items un tilth slciIc, as a pru\) 
for what achievement on content items might have been. 



ERLC 



21 



'J4 



"high socioeconomic status are also among the best 
achievers." At all levels, males had somewhat higher 
scores than did females; white students outperformed 
both black and Hispanic students. 

Students Intending to Major in S/E Subjects 

Students who intend to major in science or engineer- 
ing generally score much higher on Scholastic Aptitude 
Tests (SAT's) —both on the math and verbal portions— 
than do all students taking these tests. During 1975-86, 
however, SAT scores for students planning an S/E major 
declined. (See appendix tables 1-3 and 1-4.) This approx- 



imately paralleled the declines for the total SAT popula- 
tion. Mean SAT quantitative scores for students intend- 
ing to major in S/E disciplines declined from 520 in 1975 
to507inl981, then rose to 513 in 1986. SAT verbal scores 
for the same group were 464 in 1975, 444 in 1983, and 450 
in 1986. As was the case in NAEP studies, males scored 
higher than females: in 1986, white males scored 546 on 
the SAT quantitative test compared with 496 for white 
females. Black males averaged 417 compared with 382 for 
black females. 

For students intending to major in science and engi- 
neering, the highest SAT quantitative scores were for 
students intending to major in physical sciences (598), 



Rgure M. 

Average SAT scores for college-bound seniors, by ethnic group 

(SAT scores) Mathematics Verba! (SAT scores) 




310 I 1 \ ! ! ! 1 i ! i I I I I I » t t » t t > t I ; 

1976 77 78 V9 80 81 82 83 84 85 86 87 1975 77 78 79 80 81 82 83 84 85 86 87* 

Sceappendtx Uble 1-5. Sciei ce & Englneer.ftg indjcators - 1987 
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followed by malhemalics and statistics majors (3^)3). Sim- 
ilarly, students intending to major in physical sciences 
scorai highest (526) on the SAT verbal test. 

College-Bound Seniors 

Although most minority groups traditionally score 
much lower than do whites, the verbal and quantitative 
SAT score averages of college-bound minorities have 
risen since the late 1970's, especially lor black, Mexican- 
American, and Puerto Rican students. Moreover, Asian- 
American students score higher than do whites on the 
SAT quantitative test; while this is not paralleled by their 
SAT verbal results, Asian-Americans do score higher on 
the verbal test than do the other three minority groups. 
(See figure 1-1.) 

The chief reason most minority groups score relatively 
low on the SAT quantitative tests is that enrollment in 
high school mathematics courses varies considerably by 
ethnic group, with that of Asian students being signifi- 
cantly higher than enrollment by other minority groups. 
(See figure 1-2.) 

Several explanations for the Asian-American perform- 
ance pattern have been suggested, including the fact that 
most foreign-born Asian-Americans in S/E occupations 
come from the more affluent clr-sses in their countries 
and may have experienced more favorable educational 
and social opportunities than their American-born coun- 
terparts. Additional suggested explanations include 
cultural differences in the Asian-American home, an En- 
glish language difficulty which leads students to seek 
academic fulfillment in subjects based on the universal 
language of mathematics, and positive role models in the 
Asian-American community.^ It has been noted too that 
Asian-American mothers have an unusually high level of 
education. Finally, it has also been suggested that rela- 
tively high quantitative ability differs by generation after 
immigration to the U.S., since American-born Asian- 
Americans of second, third, and fourth generations are 
underrepresented in S/E.* 

Math disadvantage for black students begins in ele- 
mentary school and continues into high school vvhere 
students select courses in one of three basic curricula: 
academic, general, and vocational.'' White students are 
overrepresented in the academic curriculum, while black 
and Hispanic students are overrepresented in both the 
general and vocational curricula, which require only 
lower-level mathematics classes. Even in the academic 
curriculum, however, where students are likely to enroll 
in advanced mathematics courses, 79 percent of the white 
high school students participated in advanced mathe- 
matics courses in 1982 compared to only 55 percent and 
54 percent, respectively, of the black and Hispanic 
students.^* 

College-bound men and women differ in SAT verbal 
test scores only by about 12 points. (See figure 1-3.) There 



^Vettor (1986), p. 16. 

^Statements b> D.. RoWri Sii/uki before the V S Cun^ri ss, Huusi 
Committee on Science and Technology, U S Congress (mil p 12 
^Dnvis (1986), pp, 26-30 
^'Ibid., p. 26. 



Figure 1-2. 

Average number of years of study 
for college-bound students, 
by ethnic group: 1984 
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is, however, a 47-poinl difference between women's and 
men's SAT quantitative scores, a difference which has 
existed for at least 15 years. While this wide gap does not 
seem altribulablo only to the relatively small difference in 
mathematics course enrollment (see figure 1-4), no other 
satisfactory explanation has yet been advanced. Girls do 
lake less course work in malhemalicb and physical sci- 
ences, but they slightly surpass boys in the amount of 
lime spent in biology classes. 
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Figure 1-3. 

Average SAT scores for college-bound seniors, 
by gender 
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Inlernalional Comparisons of Achievement Tesl 
Results 

U.S. sludenls do nol do well on .scionco nnd mallio- 
malics achiovemenl lesls whon compared with oilier 
counlries studied, l-orexample, an international survey 
conducted in 1 98 1 -82 compared the achievement in func- 
tions and calculus of the top I percent and 5 percent of 
12tlvgrade college preparatory mathematics stutients in 
13 countries. (See figure 0-15 in Overview and appendix 
table 1-6.) The most able Japanese mathematics students 
attained higher scores than their counterparts in other 
countries in both subjects. Perhaps more significantly, 
the average Japanese student achieved higher scores in 
functions and calculus than the top 5 percent of the U.S. 
students in college preparatory mathematics. Addi- 
tionally, the most able (top 1 percent) U.S. students 
scored the lowest of all 13 countries in algebra and were 
among the lowest in calculus." The algebra achievement 
of the U.S. top 5 percent group was lower than that of any 
other country except Israel. 

For students in the eighth grade, five content areas 
were tested: arithmetic, algebra, geometry, statistics, and 
measurement. The U.S. scored at or near the interna- 
tional average for three of these topics: arithmetic, al- 
gebra, and statistics. On the remaining two topics, the 
U.S. scores were among the lowest one-quarter of the 
countries.^ 



Figure 1-4. 

Average number of years of study for college-bound 
students by gender: 1985 
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Top Mathematics Test Scorers 

Of high school seniors who scored above the 90th 
percentile on the SAT quantitative examination in 1986, 
about 44 percent intend to study science or engineering 
in college. (See appendix table 1-7.) More than one-half of 
the males who score in the 90th percentile plan to study 
science or engineering (see figure 1-5), while only about 
one-third of the high-scoring females are interested in 
S/E as a college major. 

Over the last decade, top test scorers have exhibited an 
overall declining interest in majoring in mathematics and 
science and an increasing interest in an engineering ma- 
jor. (See figure 1-6.) Even though the percent of high- 
scoring students interested in a business major has in- 
creased between 1984-86 from 18 to 21 percent, this in- 
crease does not fully explain the declining interest in 
mathematics and science. Pre-med is also declining as are 
many smaller fields (not shown on the graph), such as 
other health fields and the humanities. 

In the past few years, increasing numbers of examinees 
have indicated that they are undecided about their major 
field. There does not seem to be any one field drawing 
students away from mathematics and science, although 
undoubtedly business and engineering have attracted 
more high-scoring sUidents in the past 2 years than they 
did previously. 



Inlerniilioiiiil AssDnation lor ! he I;vtilutihun ol hdutiition Adiiow- 
men! (1987), p. 26. 
nbkl, p. 21. 
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Figure 1-5. 

Major Held selections of high school seniors scoring 
above the 90th percentile on SAT math 




other (4.2%) 

SOURCE" Jerllw Grandy. *'Tfend$ In S«l«tion ol Science. Mathematics. Of Engineering as 
Majof FleWs ol Study among Top-Scoring SAT Takers. ' unput)ti$hed report to the Naitonai 
Science Foundation. Educationzt Testing Service (March 30. 1987) 

Science & Engineering ind^^lors - 1987 



Trends over the past 10 years in the 90[h percentile 
cutoffs look encouraging for the population as a whole 
and for each of the race/gender subgroups. (See appendix 
table 1-8.) SAT math scores for the lop 10 percent rose 
from 623 to 642 in the last 5 years. The increase in minor- 
ities' scores is especially impressive. For instance, since 
1979, the 90th percentile niathenialics scores for both 
black males and females have increased 27 points. 

Expected Majors of College Freshmen 

A useful indicator of interest and secondary school 
participation in science and mathematics courses is the 
stated expected majors of freshman college students. 
These data are collected early in the freshman year, often 
during orientation programs, and therefore are likely to 
reflect prccollege expectations and interests. 

The percentages of women student;^ who anticipate 
that they will choose a science, engineering, or mathe- 



Figure 1-6. 

Major field selections of examinees scoring above the 
goth percentile on the SAT mathematics examination 
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mnlics major have not clianged substantively over the 
1975-85 period, ranging from 18 to 20 percent. (See figure 
1-7 and appendix table 1-9.) In contrast, men students 
have been reporting an increasing likelihood that they 
will opt for these majors— up from about 30 percent in 
1975 to a high of 38 percent in 1983, but declining to 34 
percent in 1985. 

After a peak in 1977, there has been a long-term decline 
in the number of high school graduates. Therefore, the 
actual number of bachelor's degree students from whom 
graduate scientific and technical careers might be ex- 
pected may also decline unless more interest can be 
generated among precollege students. 

TEACHER CHARACTERISTICS 

Characteristics oi the Nation's precollege leaching 
force reveal several causes for concern. For example, 
teaching recruits historically have been drawn from 
among the least able college graduates. Furthermore, the 
standardised test scores of these ieaclier candidates de- 
clined throughout the 1970's.** Although a number of 
academically talented people pursue careers in teaching 
and teacher education, these remain underrepresented 
in the field. As a result, teacher education lends lo be 
relatively easy and nonchallenging.'" 



•byU's (IVS3). Sit Njtiiinal Siuiui Wo.iui p. 130 

n^miOT (1984). 
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Figure 1-7. 

Parcant of freshmsn at all U.S. institutions of higher 
aducation whoia probable major field will be science 
or engineering 
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In 1985-86, two national reports were issued focusinj; 
on the training and employment conditions of K-12 teach- 
ers. One of these studies, sponsored by the Carnegie 
Corporation, targeted the enliancement of K-12 teach- 
ing as a profession. Recommendations included tough- 
ening certification standards, increasing salaries, and im- 
proving working conditions. Other recommendations 
were to develop "lead teachers," eliminate undergradu- 
ate programs in teacher education, develop new gradu- 
ate-school programs leading to master's degrees in teach- 
ing, create a National Board for Professional Teaching 
Standards, restructure K-12 schools to allow teachers 
greater discretion in achieving State and local goals, in- 
crease teacher accountability for student performance, 
and increase efforts to recruit minority teachers. 

A second report'* (prepared by the so-called Holmes 
Group— the deans of schools of education at research 
universities) concentrated on teacher education. Some of 
its recommendations coincide with those made by the 
Carnegie study: increase teaching professionalism, in- 
crease salaries, abolish the undergraduate education de- 
gree, and place more emphasis on graduate education for 
prospective teachers. 

As both studies indicate, the relatively low salary of- 
fered teachers creates a serious problem: it is, in fact, one 
of the primary reasons that the teaching profession at the 
precollege level has not been able to attract and retain 
more academically able professionals. Although teacher 



"Task Force on Teaching as a Profession (1986). 

"National Commission for Excellence in Teadier Hducalion (I9i '). 
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salaries have begun to rise after a general decline during 
the I97()'s, they typically have been lower than those for 
most other fields requiring a bachelor'h degree. (See ap- 
pendix table MO.) 

An important shift recently has occurred in the social 
niakeup of science and mathematics teachers. Tradi- 
tionally, most elementary teachers have been female and 
the proportion of male teachers has mcreased with grade 
level. Since 1977, however, there has been an overall 
decrease in the proportion of male science and mathe- 
matics teachers. For instance, in 1977, more than two- 
thirds of mathematics teachers in grades 10-12 were male; 
in 1985/6, this proportion fell to a little more than 50 
percent. (See appendix table 1-11.) It is not yet clear what 
the implications of this shift will be on the quality of 
science and mathematics teaching and on opportunities 
for student "role modeling." 

Teachers' racial and ethnic makeup may also be signifi- 
cant in providing role models for minority students. The 
proportion of minorities who taught science and mathe- 
matics in 1985/6 was generally low, particularly in middle 
school and senior high school. Specifically, only 1 1 orcent 
of grade 10-12 science and mathematics teachers were 
Mispanic and from 3 to 6 percent were black. (See appen- 
dix table 1-12.) ^ 

Courses Taken by Science and Mathematics Teachers 

A profession's quality can be indicated by comparing 
standards established by professional groups to creden- 
tials attained by practicing members of the profession. 
The National Science Teachers Association (NSTA) has 
recommended that elementary science teachers have at 
least one college course in the biological sciences, one 
course in the physical sciences, and one course in the 
earth/space sciences. About 33 percent of the K-3 science 
teachers and 40 percent of 4-6 teachers meet that stan- 
dard.*^ While about 85 percent of elementary school 
teachers have taken at least one college course in the 
biological sciences, only about one in three has had a 
chemistry course and only one in five has had a physics 
course. (See appendix table 1-13.) 

NSTA also recommends that junior high school science 
teachers have at least 36 credit hours in sdence, and 
senior high school teachers have at least "^0 credit hours. 
Assuming that each science course averages 3.5 credit 
hours, more than 65 percent of 7-9 science teachers and 
more than 80 percent of 10-12 science teachers meet or 
exceed that standard; 40 percent of 7-9 science teachers 
and almost 60 percent of 10-12 science teachers meet or 
exceed the 50 credit hour standard. (See figure 1-8.) 

Nearly all of the 7-9 science teachers (97 percent) and 
the 10-12 teachers (93 percent) have taken a college 
course in biology. Almost one-half of 7-9 science teachers 
and two-thirds of 10-12 teachers have taken eight or more 
life science courses. (See appendix table 1-14.) Similarly, 
while large proportions of 7-9 science teachers (76 per- 



"Data in lliis subsection are from (lie 1985/6 National Survey of Sci- 
ence and Matliematics Education conducted for NSF by tlie Research 
Triangle Institute. 



Figure 1*8. 
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ccnl) and 10-12 luMchuri, (73 purccMil) have had al least one 
collego-levd courhu in lliu carlli/i>pacc sciuncus, only 1- 
pcrCLMil of the former and 6 percent of the latter have had 
eight or more courses in these areas. More than one-half 
of all secondary scienco teachers have never had a college 
course in computer science, almost one-haK have had no 
college calculus. 

In most of the fields of science and mathematics, si/ 
able proportions of thi» teachers ha\ e taken one or more 
courses in speciali/.ed subfields over and abo\ e the gen 
era! introductor> course in the field. (See appendix table 
M5.)The exception is physics, where substantially fewer 
teachers have been exposed to specialized courses. 

While 90 percent of K'6 mathematics teachers have had 
a mathematics course specifically for elementary school 
teachers, only 20 percent have had a course in geometry 
for teachers, 25 percent a course in probability and statis- 
tics, and 10 percent a college calculus course. (See appen- 
dix tabie 1-16.) 

The National Council of Teachers of Mathematics 
(NCFM) recommends that junior high school mathe- 
matics teachers complete one calculus course, one com- 
puter science course, and one or more courses in teach- 
ing mathematics. Sixty-nine percent of grade 7-^ mathe- 
matics teachers meet or exceed the calculus recommenda- 
tion, 60 percent have had a course in computer scienco, 
and 84 percent have had one or more courses in methods 
of teaching mathematics. (See appendix table M7 ) At 
the 10-12 level, two-thirds (66 percent) of the teachers 
have had at least three calculus courses as suggested by 
NCTM, three-fourths have had a college course in com- 
puter science, but only 55 percent have had two or more 
courses on leaching methods. While two-thirds of 7-9 



mathematics teachers and four-filths of 10-12 tc\-»chers 
have had a college-level geometry course, and nearly 
an equal proportion have had a course in probability 
and statistics, fewer than 40 percent of each group has 
had a course in the applications of mathematics md only 
about one-third has had a course in the history of 
mathematics.*^ 



Teachers' Perceptions of Their Qualifi yuons to Teach 

Elementary school teachers feel less well qualified to 
teach science than any other subject. This perception 
remained about the sa'me between 1977 and 1985/6. In 
1977, most elementary teachers indicated that they felt 
very well qualified iu teach reading ^63 percent); corre- 
sponding figures were 49 percent for mathematics, 39 
percent for social sciences, but only 22 percent for sci- 
ence. (See table 1-1.) By 1985/6, teachers' confidence in 
their ability to teach mathematics, social studies, and 
reading had increased, but remained at about the same 
low level for the sciences. Science subjects were the only 
ones in which more than 4 percent of the teachers sur- 
veyed indicated that they felt "not very well qualified," 
When asked to name a specific science topic that they 
would find difficult to teach, teachers most commonly 
listed physics, chemistry, and— 2oa lesser '?xtent— earth/ 
space sciences topics. 

At the secondary level, 13 percent of all science teach- 
ers felt in 1977 that they were inadequately qualified to 
teach science. By 1985/6, only 7 percent of secondary 
science teachers felt inadequately qualified. (See appen- 
dix table 1-18.) 

One way to help remedy these feelings of inadc 
quacy— and help teachers keep up with changes in their 
fields— IS to provide opportunities for continuing (in- 
service) education. The survey data show, however, that 
between one- and two-fifths (depending on the grade 
level they teach) of science and mathematics teachers 
have not taken a course for college credit in their subject 
for the last 10 years. Moreover, while many teachers have 
participated ni professional meetings, workshops, and 
conferences related to science or mathematics teaching, 
the amount of time devoted to in-ser\ice education ac- 
tivities was typically less than 0 hours during the year 
prior to the survey. (See appendix tables M9 and 1-20.) 

TEACHER SUPPLY AND QUALIFICATIONS 

A recent survey of teacher placement officers reported 
that, in the fields of math, physics, ch,iiislry, bilingual 
education, multiply handicapped, * . mental retarda- 
tion, there IS now a considerable snoriage of teachers.*'' 
Will there, Uien, be enough qualified candidates to meet 
the demand for classroom teachers in the future? (See 
figure 1-9.) With student enrollments projected to in- 
crease and retirements expected to accelerate, more 
teachers will be needed each year. This demand for new 
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Tdble 1-1. Elementary teachers' perceptions of their qu'jiifications 
to teach various subjects: 1977 and 1985/86 



Percent per ving that they are: 



Not well Adequately Very well No 
^"^i^^^ quaiified qualified qualified answer 



1977 



Mathematics 4 45 49 | 

Social studies 6 54 39 ^ 

Reading 3 32 33 ^ 

Science le 60 22 2 



1985/86 



Mathematics 1 30 57 2 

Social studies 4 47 47 g 

Reading 1 15 32 2 

Life science u 60 27 2 

Physical science 23 59 15 3 

Earth/space sciences 22 59 15 4 



SOURCE- Research Triangle Institute. 7985 National Survey of Science and Mathematics Education 
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Figure 1-9. 
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hiring will, beanisc of enrollmenl increases affect ele- 
mentary and secondary levels at different times: elemen- 
tary school teacher hiring is expected to increase from the 
mid-l98(rs into the early I99(rs b' fore declining. The 
demand for new hiring of secondary school teachers is 
expected to increase from the late f98(rs into the early 



Recent reviews ol mathematics and science teacher 
shortages conclude that misassignment is a major cause 
of the shortages ol qualified teachers in these subject 
areas. Such misassignment occurs more trequently in 
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physics and chemistry than m the biological sciences.'" 
According to NSTA estimates, approximately 30 percent 
of all secondary mathematics and science teachers are 
either "completely unqualified or severely under- 
qualified" to teach these subjects. Further, more than 40 
percent of the total mathematics and science teaching 
force will retire by 1992.^^ (See figure MO.) 

Studies show that during the 1970's the proportion of 
women receiving bachelor's degrees in education de- 
creased by one-half, while the proportion of degrees 
granted to women in the biological sciences, computer 
science, engineering, and law increased tenfold.**' Many 
of these women were among the most academically able 
and well-prepared members of the new bachelor recip- 
ients.-^' In addition to this loss of more academically train- 
ed teachers, current and impending teacher shortages 
may further detract from teaching quality. Given the 
projected high level of demand, two hiring patterns for 
mathematics and science teachers may become preva- 
lent. First, there may be even more reassignment of less 
qualified teachers from other subject areas to mathe- 
matics and science courses. Although these individuals 
may be generally competent teachers, given the weak- 
ness and/or nonexistence of in-service retraining pro- 
grams, mathematics and science teachers trained in their 
area of instruction would be preferable to those trained in 
other subject areas. Second, a full complement of new 
mathematics and science teachers may be hired. This 
might have other drawbacks since such new, inex- 



Figure MO. 

Status of the mathematics and scieriCe 
secondary-school teaching force 

Number o( Teachers (n. thousands) 




SOUfiCE: National Sdence Teachers Association survey In Decem- 
ber 1982. repcftedlnHopeAlrlch. "Teacher Shortage: UkefytoGet 
mst Before U Gels Better." Education Week (July 27. 1983) 
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'Johnston and Aldridgc (1984). 
'«lbid. 

'"'U.S. Department of Commerce, Bureau of the Cen;)us (1983 and 
1973). 

»Vance and Schlechty (1982), pp. 22-27. 



perienced teacliers may be less effective'' and may be 
more likely to leave teaching.- 

TEACHER REFORM MOVEMENTS 

A recent national report about teaching as a profession 
stated that, 'The 1980s will be remembered for two de- 
velopments: the beginning of a sweeping reassessment 
of the basis of the Nation's economic strength and an 
outpouring of concern for the quality of American educa- 
tion.""^ This concern about the quantity and quality of 
teachers in K-12 education — especially in science and 
mathematics— has led both States and teacher education 
institutions to undertake a variety of corrective measures 
affecting how teachers are trained and certified, what 
they are paid, how their skills are maintained and en- 
hanced, and the conditions under which they work. 
While relatively few of these initiatives are directed solely 
at science and mathematics teachers, the primary focus of 
concern is on this group of teachers. These initiatives are 
discussed below; it should be noted, however, that many 
of the reforms have only been undertaken in the last 4 
years and their effectiveness cannot yet be fully gauged. 

State Reforms 

Between 1980 and 1984, all 50 States and the District of 
Columbia had launched at least one action to promote 
either the quantity or quality of elementary and second- 
ary school teachers.-^ Altogether, 48 States have one or 
more initiatives designed to increase the supply of teach- 
ers; 44 States have at least one quality-related initiative. 

The most popular forms of State initiatives for increas- 
ing teacher supply are those designed either to lower the 
Lost to the student of teacher training (38 States) or in- 
crease the benefits of being a teacher (38 States). Student 
costs are decreased primarily through loan forgiveness or 
other student financial programs. Teacher benefits are 
increased through raises, better working conditions, or 
greater social recognition. Twenty-six States have both 
lowered costs and increased benefits. (See figure 1-11.) 

State initiatives designed to enhance teacher quality 
include: more provisions for further training of current 
teachers (28 States), higher admissions requirements for 
entry to teacher education programs (26 States), tougher 
teacher certification requirements (25 States), and per- 
formance evaluations of current teachers (25 States). (See 
figure 1-12.) 

State teacher quantity initiatives have focused on po- 
tential or actual teacher pools, rather than on teacher 
training processes, because a major problem is lack of 
interest or incentive for individuals to enter the teaching 
profession. As a whole, tne Nation has experienced de- 
clines in its teacher supply: it is anticipated that, in 1992, 
the supply of newly graduated teachers will fill only two- 



^^Rosenholtz (1984), pp. 352-388. 
^^Murnane M985). 

^Task Force on Teaching as a Profession (1986), p. 1 1. 
^^Hducation Commission of the States (1984). 
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Figure Ml. 

Percent of State government agencies 
and teacher education institutions whicli 
initiated policies and programs between 
1980 and 1985 to enliance tlie number 
of teachers 
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thirds of the available posilions."^ In addilion, baj d on 
preliminary analyses, il appears thai the attrition rate of 
chemistry, physics, and foreign language teachers is 
higher than that of other teaching fields; also, chemistry 
and physics teachers who leave the teaching profession 
are less likely to return to it,'" 

Teacher quality initiatives can be grouped into three 
-itegories: those directed toward potential teachers, 
those involving certification of current teachers, and 
those aimed at the process of teacher education. Among 
the 44 States with recent quality-related initiatives, poten- 
tial teachers are the target in "26 States, current teacher 
certification is the target in 35 States, and the training 
process is the target in 34 States. In 12 States, two of the 
three objectives have been targeted; in 20 States, all three 
objectives are receiving attention. 



^MuxmwQ .iiuf Olson (1987). 



Figure M2. 

Percent of State government and teacher 
education institutions which initiated policies 
and programs between 1980 and 1985 to 
enhance the quality of teachers 

(Percent) 

0 10 20 30 40 50 60 70 80 90 



Additional 
(in-service) 
education 
Strengthened 
admissions 
requirements 

Performance 
evaluation 

Changed 
certification 
requirements 

Changed 
recertification 
requirements 

Curriculum 
changes 

Competitive 
scholarships 

Probation 
policies 

Assessment 
of program 
outcomes 



Curfirulum 
changes 

Strengthened 
admissions 
requirements 

Performance 
guarantees 

Exit testing 

Competitive 
scholarships 



I i i I r 

State government agencies 



. 56 



52 



50 



50 



138 



32 



20 



18 



16 



Teacher education institutions 



85 



25 



21 



20 



_L 



J_ 



_L 



SOURCE Surveys conducted Dy Wit Education Commissj&n ol the States 
Council on Ctfucation. reported in Paul T Brinkman and Oenms P, Jones] 
■'State and Ir.Mitutfonal Initiatives to Increase the Quality and Quantity of K«!2 
Science and Maihenwtics Teachers/' unpubfished report to the National 
Science Foundation (June. 1986) 



ERIC 



30 



Certification 

New inilialives fociusing on certification relate either to 
the certification of new teachers (25 Slates), or the re.,er- 
tification of current teachers (25 States). Competency 
testing— the main purpose of which is lo screen out 
candidates deficient in basic skills and knowledge— is 
one approach to regulate entry into the teaching profes- 
sion. As of 1986, 35 States had required competency 
testing as part of the process for initial teacher certifica- 
tion. (See appendix table 1-24.) Two States (Arkansas and 
Texas) had instituted testing for recertification of experi- 
enced teachers. In its recent report, the Carnegie Forum 
proposes a three-stage voluntary assessment process 
covering subject matter, education courses, and teacher 
performance— all under the aegis of a National Board for 
Profession-?.! Standards. 



Teacher Education 

Staff development of teachers is the most prevalent 
focal point of new State initiatives that attempt to enhance 
quality by changing the teacher training process. Some 
form of this type of initiative— such as providing fund- 
ing, establishing training centers, or setting minimum 
standards for number of hours of training— has occurred 
in 28 States. Sixteen States have initiatives* directed to- 
ward aspects of the training curriculum for new teachers; 
an additional eight states have taken steps to evaluate the 
outcomes of teacher education programs, primarily by 
comparative statistics on competency exam results. Nine 
States have initiatives designed lo influence activities 
during a teacher's first years in the profession (sometimes 
referred to as an internship or probationary period). 

Higher Education Reforms 

Higher education institutions also have undertaken 
efforts aimed at reforming teacher quality/quantity. 
These have primarily involved efforts to attract students 
to teaching careers,'-' and include such marketing ac- 
tivities as visits to high schools and mailings of brochures 
(10 percent of the institutions) and additions of new 
scholarships or loan forgiveness programs (4 percent) 
(See figure 1-11.) 

Another aspect of teacher education reform involves 
standardized tests for entry into teacher education, 
which have proliferated dramatically over the last 5 
years.^ At the beginning of the eighties, less than one- 
quarter of all institutions of higher education required 
these tests; by 1985, however, nearly one-half of them 
did. Public institutions are more likely than private ones 
to mvoke entrance exammation requirements. For ele- 
mentary education programs, 54 percent of public in- 
stitutions require entrance examinalionb, compared w ith 
44 percent of private inbtitutionb, for secondary educa- 
tion programs, the figures are 52 percent and 44 percent, 
respectively. 



^Ilolmslrom (1985). 

2«Brinkman and Jones (1986), p. 12. 
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To improve the quality of students majoring in educa- 
tion, some institutions have raised their required entry 
grade point average (CPA). By 1985, more than 100 in- 
stitutions raised their CPA requirements from around 2.2 
or 2.3 (on a 4-point scale) to a minimum of 2.5 to 2.9. 
Furthermore, a 1983 survey found that about 85 percent 
of teacher training programs have revised their curricula 
in the 5 years prior to the survey. (See figure 1-12.) 
Another survey showed that since 1980, the average 
number of credit hours required in education courses had 
increased."^* Another quality-related theme is to require 
less courses in education, and more in substantive sub- 
ject matter areas. In elementary programs, the percent- 
age of institutions increasing their requirements is high- 
est for computer science (28 percent), mathematics (20 
percent), science (17 percent), and communications (16 
percent). Fewer institutions increased similar require- 
ments for secondary programs. (See figure 1-13.) 



Figure 1-13. 

Percent of U.S. higher education institutions 
which increased their requirements for 
selected disciplines in elementary-schocl and 
secondary-school teacher education between 
1980/81 and 1984/85 
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Federal and Private Sector Programs 

Other groupt> are also involved in efforts to improve 
the quantity and quality of K-12 ^eachers. These groups 
mclude teacher associations, local school districts, 
Federal agencies, and special commissions and task 
forces. 

Teacher associations have worked to increase teacher 
benefits and to develop new means for quality control, 



•"'Ibid. 

"•'National Center for i-ducdlion Slalislics (1985). 
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such as a national certification standard. School districts 
directly influence the demand for teachers and can affect 
supply, usually by adjusting benefits or changing job 
requirements. 

Federal agencies support various programs aimed at 
teacher preparation and enhancement. For example, in 
fiscal year 1987, the National Science Foundation (NSF) 
allocated nearly $50 million to programs to improve sci- 
ence and mathematics teaching and learning. This fund- 
ing provided support for developing new materials and 
model programs to improve undergraduate student 
teacher preparation and for effective continuing educa- 
tion for working teachers throughout their oireers. NSF 
also supports seminars, conferences, research participa- 
tion opportunities, and workshops to expand the scien- 
tific and mathematics knowledge base of teachers who 
will take local leadership roles in in-service training of 
their peers. Other NSF programs help local and regional 
communities provide both continuing education for 
teachers who lack the mathematics and science back- 
ground for the courses they teach, and national recogni- 
tion for distinguished science and mathematics 
teachers.'^* 

The Department of Energy, through its Lawrence 
Berkeley Laboratory (LBL), supports several programs to 
promote the benefits of direct association with science 
and technology to teachers and students in secondary 
education.^^2 These programs include opportunities for 
student and teacher interaction in research conducted at 
LBL, and summer research positions for teachers at na- 
tional laboratories. 



STUDENT REFORM MOVEMENTS 

In 1985, 46 States required a minimum number of units 
for high school graduation. Of these, 39 States had in- 
creased their requirements between 1980 and 1985. After 
20 years of stability, there have been sharp increases since 
1980 in the number of 1 -year courses ("Carnegie units") in 
mathematics and science required by States for high 
school graduation. (See figure M4.) For example, in 
1958, 31 States required at least 1.1 year^long mathematics 
courses in order to graduate from high school; in 1986, 45 
States required at least 2.3 units. (See appendix table 
1-25.) Science requirements increased from 31 States re- 
quiring 1.2 units in 1958 to 45 States requiring 1.9 year- 
long courses in 1986. There were smaller increases in the 
requirements for social studies and language arts. 

Twenty-two States now require that students pass a 
minimum competency test before awarding them a high 
school diploma. In some States, local schools have the 
option of setting their own standards for these tests, or— 
in certain cas( s where the State sets the standards— local 
schools have the option not to use examination results for 
grade promotion or graduation. (See appendix table 
1-26.) 

By 1985, 40 States had taken either legislative or State 
board action to require or permit schools to identify 



Figure 1-14, 
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minimum basic skills that students should acquire. Pol- 
icies differ widely concerning the grade levels and sub- 
jects involved. 



RESEARCH ON TEACHERS AND TEACHING 

A large volume of research evidence indicates that 
teachers play a highly significant role— far greater than 
those of selected committees, district supervisors, prm- 
cipals, or superintendents— in determining what takes 
place in the classroom. Not only do teachers make the 
ultimate decision about what they teach, they also rely 
heavily on the advice of other teachers as sources of 
information about new developments.^^ 

Teachers also appear to be the primary decisionmakers 
in selecting and using curricular materials.^* While this 
does not mean that all teachers make the ultimate deci- 
sion about the in-classroom materials (such decisions are 
often made by school or State board committees), most 
teachers do, however, have autonomy in the way they 
utilize these materials and teach their subject matter. This 
autonomy apparently encompasses teaching style, pre- 
sentation mode, test selection, grade assignment, and — 
within the limits set by administrators — determining 
such activities as out-of-school field trips. 

There is also evidence that teachers make a difference 
in what students learn in the classroom. This finding 



"NSF (1987). 
^'Otto (1986). 



^Weiss (1978). 
''Ibid. 
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comes from studies showing clearly that children who 
spend the year in different schools— and even in dif- 
ferent clas&rooms within the same school— learn dif- 
ferent amounts during the school year.'' While these 
studies do not by themselves demonstrate that dif- 
ferences among teachers explain why more learning 
takes place in one classroom than another, it can be 
inferred that teachers are an important factor in explain- 
ing such differences.^ 

Input-Output Studies 

Another more challenging area of research tries to link 
teacher characteristics and student learning. Variables 
presumed to be indicative of teachers' competence— for 
instance, years of education, recentness of educational 
enrichment, years of teaching experience, academic abil- 
ity^ etc. — have been analyzed for their relevance to stu- 
dent learning. The results have been equivocal. Early 
studies of teachers' intelligence (usually measuved by IQ) 
and its relation to student achievement have concluded 
that there is no such relationship.'^' The lack of effect of IQ 
could be because of negligible variability among teachers 
in this measure or because of IQ's tenuous relationship to 
actual performance.^ Other studies have found that 
teachers' verbal ability is related to student achieve- 
ment.'*^ Verbal ability, rather than intelligence, may be a 
more sensitive measure of how well teachers can convey 
ideas and concepts. 

Some studies have tried to relate the extent to which 
student achievement gams can be explained by teachers' 
demographic characteristics — e.g., teachers' education 
test scores and teaching experience. There a>*^ a few 
relatively consistent findings. For example, teachers with 
at least 3 to 5 years of experience are more effective on 
average than beginning teachers.^" The dominant con- 
clusion from such research, however, is that most varia- 
bles used to depict teachers— gender, race, possession of 
a master's degree, undergraduate major in education — 
are not consistently related to teaching effectiveness as 
measured by student test score gains on standardized 
reading and mathematics achievement testG.^' 

Process-Product Studies 

Another body of research has examined whether spe- 
cific actions of teachers are systematically related to teach- 
ing effectiveness. These studies focus or^ whether stu- 
dent achievement in a specific subject is positively related 
to the amount of in-class time devoted to instruction in 
the subject, as well as how effectively class time is used. 
There is evidence, for example, that an increased ex- 
posure to mathematics may be particularly beneficial to 



^Hanushek (1972). 

^National Academy of Sciences. 

^^Soar, el al. (1983), pp. 239-246. 

^Murnane (1985). 

Summers and Wolfe (1975). 

^'Penrick and Yager (1983), pp. 621-623. 

**National Academy of Sciences. 



the lowest-achieving mathematics students Elemen- 
tary school teachers tend not to take many science and 
mathematics courses in college, this lack of interest/expe- 
rience is reflected in classroom performance, where stud- 
ies have shown that some second-grade teachers aver- 
aged only 15 minutes i day on mathematics instruction, 
while others spent up to 50 minutes a day 

A recent National Academy of Sciences report sum- 
marizes the current state of research on teachers and 
concludes that: 

...neither input-output studies nor process- 
product studies provide sure guidance for the 
development of indicators of the quality of the 
mathematics and science instruction in school. 
In one sense this is discouraging, because it 
makes the task of developing reliable indica- 
tors of teaching effectiveness more difficult. In 
a different sense, however, the results are en- 
couraging, because they underline the fact 
that effective teachers cannot be defined mere- 
ly as individuals with specific demographic 
characteristics who have earned particular ac- 
ademic degrees, or as people who have been 
trained to behave in predictable routinized 
ways in the classroom. Such definitions 
obscure the characteristics that effective teach- 
ers have in common with the skills and at- 
titudes of professionals.^* 

ELEMENTARY AND SECONDARY MATHEMATICS 
CURRICULA 

To understand and evaluate the tested mathematics 
achievement of U.S. students, the curricula they study — 
i.e., their opportunities to learn— must be examined. 
Substantial new findings on this aspect of education are 
available from the 1981-82 Second international Mathe- 
matics Study, covering schools in 20 countries around the 
world (only 15 countries participated in the eighth grade 
study). The study obtained detailed information on the 
content of intended mathematics curricula, what mathe- 
matics was actually taught, and how that mathematics 
was taught. Achievement and attitudes were assessed 
using internationally developed tests and question- 
naires. An important aspect of this study was obtaining 
reports from teachers as to whether the mathematics on 
test items had been taught du ring the year or prior to that 
year. The resulting data, called "opportunity to learn," 
provided useful information in interpreting achievement 
scores among countries. 

Internationally, the opportunity-to-learn data corre- 
spond closely to the achievement dalu, as would be ex- 
pected. For example, in japan, opportunity-to-learn rat- 
ings are among the highest of any country; in the U.S., 



«Slal!ings (1976), pp. 43-47. 

*^Ga!ambos (1985). 

**NationaI Academy of Sciences. 

*Mnternalional Association for the Evaluation of Education Achieve- 
ment (1987), p. 4. 
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on the other hand, these ratings are about at the interna- 
tional average, or in some cases lower. (See appendix 
tables 1-27, 1-28, 1-29, and 1-30.) 

Eighth Grade 

For comparative purposes, the following sections ana- 
lyze the mathematics curriculum ot the U.S. with Canada 
(British Columbia), which closely resembles the U.S. ed- 
ucational system, and Japan, whose students tradi- 
tionally are among the highest scorers on international 
achievement tests. Thus, the profile of mathematics in 
the U.S. eighth grade curriculum resembles that of Cana- 
da quite closely, but differs markedly from that of Japan. 
Figure 1-15 shows that the U.S. and Canadian courses 
distribute their subtopics more evenly than do the Ja- 
panese, where most of the eighth grade concentration is 
on algebra and geometry. This may explain why the 
Japanese eighth graders performed so well, ranking first 
among the countries. (See table 1-2.) 

In general, the test performances of U.S. students 
ranked in the bottom one-half of all 20 countries studied. 
As compared to a 1972 international assessment of eighth 
grade students, the 1981-82 results were very similar, 
with a slight improvement in arithmetic (up 6 percent) 
and a slight decline in geometry (down 6 percent).** At 



Figure M5. 

Average instructional hours taught in eighth 
grade mathematics in the United States, 
Japan, and Canada, by topic: 1981/82 



(Instructional hours) 
0 8 16 24 32 40 




'British Columbia 

SOURCE: International Association for the Evaluation of Education Achievement. 
The Underachieving Curnculum. Assessing U.S. School Mithematics from an 
Irjternatlonal Perspective, NationaJ Report on the Second Internatioiwl Mathe- 
matics Study. University ol llHnols (Stipes Publishing Company, January 1987) 
Science & Engineering Indicators - 1987 



^Trovers (1986), pp. 163-167. 



Table 1-2. Rank order of student achievements 

on eighth-grade^ mathematics test for the 
United States, Japan, and Canada, by curricular 
subject: 1931/82 



United 

Subject states Japan Canada 



Arithmetic lO 1 3 

Algebra 12 l 7 

Statistics 8 1 3 

Measurement 18 1 8 

Geometry 16 l 12 



» Japanese students were tested in the seventh grade. 

Note; The above rankings are based on the 20-country Second Internjtional 
Mathematics Study. 

SOURCE: Travers, K J., Secon J Study of Mathematics, Detailed National 
Report^ United States, Stipes Publishing Company (December, 1986), pp. 
167-68 
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tlie liiglier cognitive leveis, 1981-82 students declined 
slighitly as compared to 1972 students.*^ 

it was found tliat the U.S. eighth grade mathematics 
curriculum is more like those at the end of elementary 
school (approximately sixth grade) elsewhere in the 
countries studied. But it should also be noted that the 
U.S. eighth grade mathematics curriculum varies more 
than is the case in other countries because of U.S. State 
and local control of schools. 

Among the factors identified as causes of deficiency in 
U.S. student achievement are: the amount of time allo- 
cated for instruction, size of classes, comprehensive 
nature of U.S. public schooling, preparation and status of 
teachers, and soundness of the teaching provided.*^ 
However, U.S. analysts involved in tlie international as- 
sessment warn against singling out any one of these 
factors as "the villain." For example, the U.S. curriculum 
offers 141 hours of mathematics instruction per year — 
compared with 132 hours for Canada and ICl hours for 
Japan. Further, althoughjapanese students attend school 
243 days per year— compared with 180 days in the U.S.— 
there was generally a lack of systematic relationship be- 
tween length of school year in days and achievement 
among the 20 countries in the international assessment."^* 

Twelfth Grade 

The curricular patterns were more varied among the 
countries studied at the 12th grade level than at the 8th 
grade. While the U.S. curriculum was spread rather 
evenly across algebra, sets/functions, and complex num- 
bers (offered for a total of 58 hours), the Japanese (with a 
total of 108 hours) have the greatest relative and absolute 
concentration on calculus. (See figure M6.) Japanese 
students receive twice as much calculus as U.S. students, 



'%id., p. 161. 
'Mbiu., p. 159. 
'Ibid., p. 51. 
^'Ibld., p. 52. 
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Figure M6. 

Average instructional hours taught 
in twelfth grade mathematics in the 
United States, Japan, and Canada, 
by topic: 1981/82 

(Instructional hours) 
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'British Columbia 

SOURCE; International Association for the Evatuatton of Education 
Achievement, The Underachiemg Cumcuhn Assessing U S School 
Mathematics from an tntemttonai Perspective. National Report on the 
Second international Mathematics Study. University of Illinois (Stipes 
Publishing Company. January 1987) 

Science & Engineering Indicators - 1987 



and ds much as U.S. btudents receive for all other sub- 
topics combined. The Canadian concentration is on al- 
gebra. Only one-fifth of the U.S. students taking these 
advanced courses receive Advanced Placement (AP) cal- 
culus whereas most of the Japanese students do. Thus, 4 
to 5 times more Japanese than U.S. students take AP 
calculus. 

With these considerations in mind, it is no surprise that 
Japanese 12Mi grade mathematics students do so well in 
comparison with those from the U.S. and Canada. (See 
table 1-3.) Japanese schools retain 92 percent of their 17- 
year-old students, compared to 82 percent for the United 
States and Canada, which further heightens these con- 
trasts.*^* It is interesting to note that Canada and the U.S. 
each outrank the other in performance in the two curricu- 
lar areas to which they devote the greater number of 
hours of instruction. 



Textbook Content 

In addition to the opportunity to lenrn data, a recent 
study*^^ investigated how much of the content is "new" in 



Table 1-3. Rank order of student achievements 

on 12th-grade mathematics test for the 
United States, Japan, and Canada/ by curricular 
subject: 1981 

United 

Subject States Japsn Canada 

Sets and relations 10 2 14 

Number systems 12 2 11 

Geometry 12 2 14 

Algebra 14 2 12 

Probability and statistics 12 2 13 

Elementary functions 

and calculus 12 2 15 

^ British Columbia. 

Ncte: The above rankings are based on the 1 5-country Second Internationa! 
Mathematics Study. 

SOURCE: Travers, K.J., Second Study of Mathematics, Detailed National 
Report— United States, Stipes Publishing Company (December. 1986). pp, 
359-362 

Science & Engineering Indicators— 1987 



three K-8 mathematics textbook series and the algebra 
books published by ;he same companies. Content was 
defined as "new'' in a cumulative sense — a topic was new 
in a fourth grade text, for exan^ple, if it had not appeared 
m any of the K-8 texts of the series. The study found that a 
generally low percentage of new content is clearly evi- 
dent. (See figure 1-17.) First, there is d plunge in percent- 
age of new content between first and second grade inath 



Figure M7. 

Average percent new content in three mathematics 
text series, the first 2C9 pages and the remainder 
of the book 

(Percent) 
100 




4 5 6 
Grade level 



"^Travers and Kifer (1986), 10. 
"•Flanders (1986). 



See appendix table 1*31 
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texts; the average percentage then declines rather stead- 
ily from fifth through eighth grade. Finally, there is a 
huge jump in the percentage of new content between 
eighth and ninth grade texts as algebra is introduced into 
the curriculum. 

The study also analyzed the new pages of content 
when each book is split at page 200. For grades 1-3, this is 
about two-thirds of the way through Mie text; for grades 
4-8, it is approximately the halfway point. For the algebra 
texts, it is again about two-thirds of the way through. The 
study found, as expected, that most new content in any 
mathematics text is concentrated after page 200. In grades 
7-8, for example, less than 28 percent of the first half of 
the books contain new material. 

In its conclusions, the study noted that the percent of 
new content is very low (49 percent or less) in all mathe- 
matics texts beyond the third grade; the seventh and 
eighth grade texts have the least (33 percent). This last 
ratio seems particularly low when compared with the 
approximately 90-percent new content of algebra books 
in the ninth grade. New content is covered primarily at 
the latter part of the school year; furthermore, not all 
teachers cover all chapters in the latter parts of the texts. 

The authors summarize their findings as follows: 

There should be little wonder why good stu- 
dents get bored— they do the same thing year 
after year. Average or slower students get the 
same message, and who could blame them for 
becoming complacent about their math stud- 
ies? They know that if they don't learn it now it 
will be retaught next year. Then students en- 
counter an algebra course. The pace picks up 
(there are about 100 more pages in an algebra 
book than an eighth grade text), the new con- 
tent comes at them at an 88-percent level (over 
4 days per week they face new content), and 
the old content is usually presented with a 
pew degree of formalism that clouds the fact 
that it is just review. 

Student Attitudes toward Mathematics 

The attitudes of students toward mathematics deter- 
mine in part their success in mathematics and their inter- 



"^Ibid., p. 7. 



est in mathematically related careers. The attitudes of 
12th graders in the Second International Mathematics 
Study were generally more favorable than those of the 
8th graders. This may be because of greater familiarity 
with the subjects and the fact that by the 12th grade, a 
greater proportion of the more able students are taking 
mathematics. For example, 85 percent of the 12th grade 
mathematics students felt that the subject helps one think 
logically; this belief was shared by only 64 percent of the 
8th graders. The older students were less likely to believe 
that there is always a rule to follow in mathematics--67 
percent versus 82 percent. (See appendix table 1-32.) 

Overall, the attitudes of U.S. students tended to be 
positive, contrasting sharply with those of the Japanese 
students who had rather negative attitudes toward the 
subject and found the mathematics class an unpleasant 
place to be.^ 

Two-thirds of the eighth grade U.S. mathematics stu- 
dents thought the subject to be of high importance; 55 
percent found it easy, but only 40 percent liked it. (See 
appendix table 1-33.) Very similar overall ratings were 
given by 12th graders to the importance, difficulty, and 
interest In mathematics. (See appendix table 1-34.) Fur- 
ther, attitudes toward curricular subtopics varied widely 
in both grade levels. The most liked item in both grade 
levels was "calculators." In both grades, there was strong 
evidence of a desire to do well in mathematics, that math- 
ematics is generally learnable, and that assigning rr^ore 
mathematics would not be widely resisted. As would be 
expected for students who have elected to take advo^iced 
mathematics, 12th grade students were more positive. 
(See appendix table 1-32.) 

There was little support for a view of mathematics as 
primarily a male subject or career opportunity. Less than 
20 percent of the students at both levels believed that men 
make better scientists and engineers, or that boys need to 
know more mathematics than girls, or that boys have 
more mtural ability in mathematics than do girls.'*" 



^Travcrs and Kifer (1986), p. 35 
Gravers (1986), p. 387. 



REFERENCES 



Akin, J.N., Tenth Annual Teacher Supphf/Dewand Report 
(Madison, WI: Association ^or School, College and Uni- 
versity Staffing, 1986). 

Brinkman, P.T. and D. Jones, "State and Institutional 
Initiatives to Increase the Quantity and Quality of K-12 
Science and Mathematics Teachers" (Boulder, CO: Na- 
tional Center for Higher Education Management Sys- 
tems, 1986). 



Darling-Hammond, L., n.E, Wise, and B. Berry, Effective 
Teacher Selection fwni Recruitment to Retention (Santa 
Monica, CA: Rand Corporation, 1987). 

Davis, J., The Effect of Mathematics Course EnwUment on 
Racial/Ethnic Diffefvncei> in Secondary School Mathematia. 
AchiaKnnent (Educational Testing Service, 1986). 

Education Commission of the States, 50-Statt Swvey of 
State Incentives for Attractiuji Science and Mathematics Teach- 
ers (Denver: 1984). 



ERLC 



36 

49 



Flanders, J., "How Much of the Content in Malhomatius 
Textbooks is New?/' unpublished paper, 1986. 

Galambos, E.C., Tcncltcr Preparation: The Anahmnj of a Col- 
lege Dt's^rcr (Atlanta: Southern Regional Education Board, 
1985). ' 

Hanushek, E., Eaucalioti and Raee (iQxm^ton, MA: Heath- 
Lexington, 1972). 

Holmstrom, E.I., Qialiiy in Teacher Edncation Pro;;;rani$ 
(Washington, DC: American Council on Education, 
1985). 

International Association for the Evaluation of Education 
Achievement, The Underachieviiij^ Cnrricnlnni (Cham- 
paign, IL: Stipes Publishing Co., 1987). 

Johnston, K.L. and B.C. Aldridge, "The Crisis in Science 
Education: What Is It? How Can We Respond?/' jonrnal of 
College Science Teaching (September/October 1984). 

Lanier, J., "Research on Teacher Education," Occasional 
Paper No. 80 (Institute for Research on Teaching, Michi- 
gan State University, 1984). 

Murnane, R.J., "Do Effective Teachers Have Common 
Characteristics?: Interpreting the Quantitative Research 
Evidence," paper presented at the National Research 
Council Conference on Teacher Quality in Science and 
Mathematics, Washington, DC, Jun'? 1985. 

Murnane, R.J. and R.J. Olsen, "The Career Paths of Michi- 
gan School Teachers," paper presented to the American 
Educational Research Association, Washington, DC, 
April 1987. 

National Academy of Scic ijes. Improved Indicators of Sci- 
ence and Mathematics Education in Grades 1-12, un- 
published document. 

Nations! Center for \d..L V on Statistics, Planning Group 
on Teaching and Te ■ ^"rs, Neu> Init iatives: I'hc Teach ing and 
Teachers Pio^ram (Wasninglon, DC: Government Printing 
Office, 1985), 

National Center /or Education Stati. tics. The Condition of 
Education: W87 Edition (Washington, DC: Government 
Printing Office, 1987). 

National Commission for E , jllence in Teacher Educa- 
tion, Call for Change in Teaches ulutation (Washington, DC, 
American Association of Colleges for Teacher liduraiion, 

1985) . 

National Science Board, Science Indicators— 1985 (Wash- 
ington, DC: Government Printing Office, 1986). 

National Science Foundation, Tcacha PiepanUion ami En 
hancement, Program Annoi{ncement and Guide, NSF 87-10 
(Washington, DC: NSF, 1987). 

Otto, R., "The Laboratory. A Lmk Between Research and 
Precollege Education," LBL Research Review (Summer 

1986) . 

Penrick, J.E. and R.E. Yager, "The Search for Excellence in 
Science Education," Phi Delta Kappan, 64(8) (^' ^3). 



Research Triangle Inblilule, Rcpoit ol tlu I'.^Sj So SatioUid 
Surveif oj St/i';/ti' aful MathcnudiLty Edmation (Kcsvarch Tii- 
angle Park, NC: Research Triangle Institute, November 
1986). 

Rosenhollz, S.J., "Effective Schools: Interpreting the livi- 
dence," American journal of Education, 93 (1984). 

Rumberger, R„ "Is There Really a Shortage ot Mathe- 
matics and Science Teachers: A Review of the Evidence," 
Report No. 84-A26 (Stanford, CA: Institute for Research 
on Educational Finance and Governance, Stanford Uni- 
versity, 1984). 

Soar, R.S., D.M. Medley, and 11. Coker, "Teacher Evalua- 
tion: A Critique of Currently Used Methods," Phi Delta 
Kappan, 65(4) (1983). 

Stallings, J., "How Instructional Processes Relate to Child 
Outcomes m a National Study of Follow Through," Jour- 
nal of Teacher Education, 27 (1976). 

Summers, A. A. and B.L. Wolfe, Etjualitif of Educational 
Opportunitif Quantifwd: A Produttmn Fuiution Appioaih 
(Department of Research, Federal Reserve Bank of Phila- 
delphia, 1975). 

Sykes, G., "Public jlicy and the Problem of Teacher 
Quality: The Need for Screens and Magnets," in L.S. 
Shulman and G. Sykes (eds.). Handbook of Teaching iwd 
PjUcxj (New York: Longman, Inc., 1983). 

Task Force on Teaching as a Profession, A Nation Picpaicd. 
Tearhvrs for the 2ht Centurxf (New York. Carnegie Forum 
on Education and the Economy, 1986). 

Travers, K.J., Second Studxf of Mathematics, Detailed National 
Report— United Stato (Champaign, IL. Stipes Publishing 
Co., 1986). 

Travers, K.J. and E. Kifer, Opportunities to Learn Mathe- 
matics m U.S, Cla»room>, unpublished report, 1986. 

U.S. Congress, House Committee on Science and Tech- 
nology, Subcommittee on Science, "Symposium on Mi- 
norities and Women in Science and Technology," state- 
ments by Dr. Robe'-t Suzuki (Washmglon, DC. Govern- 
meat Priming Office, 1982). 

U.S. Department of Commerce, Bureau of the Census, 
Stat)i> ital Ahtratt of the United Stato, 19S3 and 1973 Edi- 
tions (Washington, DC. Co\ ernmenl Printing Office). 

Vance, V.S. and PC. Schu^iUy, "The Distribution of Aca- 
demic Ability in the Teaching Force: Policy Implications," 
Phi Delta Kappan, 64 (1982). 

Vetter, B.M., Attdudes, Participation, and Achievement of 
Women and Mmoi dies m Pic-tollcgi Sticnu and MiUli Ediua 
tion, unpublished document, 19?6. 

Weiss, I.R., Report of the 197} National Sumy of Science, 
Mathcmat Its and Social Sucu.c Eduiation (Research Triangle 
Park, NC: Research Triangle Institute, 1978). 

Weiss, I.R., Report of the 1985-86 National Surveif of Science 
and Mathematics Education (Research Triangle Park, NC; 
Research Triangle Institute, November 1987). 




37 



50 



Chapter 2 
Higher Education for 
Scientists and Engineers 



Higher Education for Scientists and Engineers 



HIGHLIGHTS 



• FulNhnc inideriinuUtaic cn^^incmni^ cnrollnicniii dcCicascd 
from 406MK) io 370M)0 between 1983 and 1986. In con- 
Irasl, however, full-lime grad nle enrollments in engi- 
neering increased between I%3 and 1986 from 55,000 
to 62,000. This increase is largely explained by the 
growth in foreign student enrollments. (See pp. 41-44.) 

• Forei}in ^rndunic $iudeni$ represented 20 pereent of all $Ch 
enceand engineering (SIE) graduate $ludenl$ in 1986. They 
have increased their enrollments at an average annual 
rale of 6.9 percent since 1980, compared with a rate of 
0.5 percent for U.S. citizens. (See p. 44.) 

• ParNime enrollments in all {graduate S/E pro^^rams inerea$ed 
In/ 3 J percent from 1 980 to 1 986, compared mth a ^irowth in 
full-time enrollments of 7.9 percent. This difference is 
even greater in master's degree-granting institutions 
than in doctorate-granting schools. Full-time enroll- 
ment growth at masters-granting institutions between 
1980 and 1986 was negligible, while part-time enroll- 
ments at these schools increased at an average annual 
i-ale of 5.6 percent. Iirrty-one percent of graduate 
enrollments in master's degree-granting institutions 
were full-time in 1986, compared with 68 percent in 
doctorate-granting institutions. (See pp. 42-43.) 

• Between 1984 and 1985, full-time enrollments of black U.S. 
citizens in si^raduate S/E pro};ram$ declined b percent (from 
7,632 to 7,272), and remained unclian^s^ed in 198t>. I^rt- 
time enrollments of blacks decreased from 7,295 tO 
7J19 from 1985 to 1986. (See pp. 43-44.) 

• S/E Ph.D.'s continue to increase but remain behnc the peak 
year^ of 1972 and 1973. These increases are wholly ac- 
counted for by foreign citizens. (See pp. 44-45.) 



• Sime 1983, about 25 percent of all S/t doctorates have been 
awarded to women. Women earned 38 percent of S/E 
baccalaureates and 30 percent of S/E master's decrees 
in 1985. These ratios are considerably higher than 
those of just 10 years ago. (See p. 45.)' 

• The employment of doctoral scientists and engineers in aca- 
demia increased at 3 percent to 4 percent per year Iwtxoeen 
1977 and 1985, The employment of doctoral engineers 
increased at 4 percent per year; employment of doc- 
toral scientists increased at 3 percent per year. (See 
pp. 48-49.) 

• lis. academic faculties continue to a}^e except in eiij^ineer- 
iii}^. In the sciences, the proportion of doctorafscien- 
tists younger than 40 years decreased from 33.8 per- 
cent to 32.2 percent from 1983 to 1985. By contrast, in 
engineering, the proportion of doctoral scientists 
younger than 40 increased between 1983 to 1985 from 
28.2 percent to 29.8 percent. (See pp. 48-49.) 

• Mo>t ST Ph.D.> earned their baualaureato at roearch- 
intensive and other doctorate-^rantin^f institutions. Propor- 
tions of S/E Ph.D.'s earning their baccalaureates at re- 
search-intensive universities have declined over the 
decades, reflecting the growth of comprehensive and 
other doctorate-granting schools. Baccalaureate origins 
differ by gender, racial/ethnic group, and field- In addi- 
tion, a small number of selective small schools produce 
relatively >arge percentages of their baccalaureates who 
go on to obtain the Ph.D. (See pp. 47-48.) 



In the past few years, the Nation has become in- 
creasingly aware of the significance of an educated popu- 
lation—especially in science tind engineering (S/K) -in 
influencing U.S. international economic competi 
tiveness. I his chapter therefore focuses on four major 
sets of indicators of higher education in sciemc a.ul 
engineering: 

• U.S. enrollments in S/H highest- edu.a<fiMi, 

• S/E degrees awarded; 

• Student support patterns, and 

• Information on institutions and laculty in S i: higher 
education. 



This chapter also discusses several other trends in S/l: 
higher education of concern to policymakers. One ol 
these is the decreasing si/.e of the traditional college- 
going population in the United titates. Other trends ol 
interest include, the rates at which women choose to 
stud) science and engineering, participation in S/h high- 
er education of underrepresented minoritv groups; the 
degree to which the U.S. higher educational svstem is 
becoming "internationalized" as it attracts increasing 
numbers of foreign students in SHI lields; and trends 
toward part-time study, often by older-than-average stu- 
dents, and in contrast to declines in the number of stu- 
dents pursuing full-time S/E studies. 

The chapter also provides data on the undergraduate 
institutions ol S/E Ph.D. earners. 
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ENROLLMENTS 

This section presents indicators of 3/E enrollments for 
both undergraduates and graduates, covering college en- 
rollment rates of different population groups; recent 
trends in enrollment patterns which have helped offset 
declines in the normal college-age population; and im- 
portant differences in S/E field enrollments which will 
influence the mix of degrees awarded to these students as 
they complete their studies and enter the job market or 
graduate schools. 

Undergraduate Enrollments 

Indicators of participation in undergraduate education 
are restricted toaggregate trends in college-going rates of 
various age, ethnic, and gender groups.' These gross 
indicators, when observed over time,- suggest the value 
placed on and access to higher education by these various 
groups and how these evaluations may be changing as 
shown by changing rates of college attendance. 

Figure 0-18 in the Overview shows the college-going 
rates for U.S. 18- to 21-year-olds. Throughout the 1970's 
and 1980's, about one-third of the total U.S. population in 
these age groups were enrolled in institutions of higher 
education. (See appendix table 2-1.) During the past 5 
years, the college-going rates for some groups m the 
population have increased by 5 to 6 percentage points. 
These increases — especially those for women— have kept 
total undergraduate enrollments sufficiently high to 
compensate for the decline in size of the 18-year-old 
population, which began in 1979. According to the Cen- 
sus of Population, total college enrollments (all institu- 
tions, both genders, all races) have remained virtually 
unchanged for 3 years. 

1985 Freshmen 

Two specialized sources of indicators show the inten- 
tions of freshmen to major in certain fields. One of these 
sources is an annual survey of engineering and engineer- 
mg technology programs conducted by the Engineering 
Manpower Commission of the American Association of 
Engineering Societies. The other is a national study of 
freshmen conducted each fall by the Cooperative Institu- 
tional Research Program at the University of California, 
Los Angeles (UCLA). 

Eit^^inccriii}i mid Tcclnwlo^^i/ Eurolhmtt<i^ Each fall, the 
Engineering Manpower Commission surveys U.S. engi- 
neering and engineering technology programs to esti- 
mate program enrollments."^ These specialized data-> 



tentions to obtain a degree in engineering, either at the 
bachelor's or 5-year level, or at the associate or 2-year 
level. ^ 

Total full-time enrollments in engineering progiams 
decreased between 1983 and 1986 at an average annual 
rate of -3.1 pera^nt. (See table 2-1.) The overall pallern 
showed significant growth from 1979 to 1982, a leveling 
off in 1983, and declines in 1984, 1985, and 1986, Part- 
time enrollments, in contrast, continued to increase by 
an average of 2.9 percent per year since 1983. Part-time 
students constitute 9 percent of all enrollments. 

Enrollments in engineering technology programs— 
which provide specialized skills for performing technical 
tasks at a sub-professional level— have increased for both 
full- and part-time students by an annual average of 7.6 
percent from 1979 to 1985. However, all engineering tech- 
nology enrollments declined from 1983 to 1985. A grow- 
ing number of full-time engineering technology students 
continue past the associate degree level to work on their 
bachelor of engineering technology degree; these enroll- 
ments increased by an average annual rate of 14.5 percent 
between 1979 and 1985. 

FrcsJimcn Characlcrislics^ The most recent survey of 
freshmen in institutions of all types shows that the 1986 
freshmen expect to study longer and earn higher degrees 
than did freshmen 5 years previously. (See figure 0-19 in 
Overview.) For example, freshmen who intend to obtain 
Ph.D.'s (in all fields) increased from 8.2 percent in 1982 to 
9.7 pera^nt in 1986; similar increases were reported in the 
relative percentages of entering freshmen hoping to at- 
tain bachelor's or master's degrees. (See table 2-2.) 

Freshmen in 1986 were less likely to be planning a 
major in an S/E field than was the case in 1982. One of the 
more notable decreases was in the number of freshmen 
planning to major in computer science, down from 4.4 
percent in 1982 to 1.9 percent in 1986. Engineering, too, 
decreased as a planned major, dropping from 12.6 per- 
cent in 1982 to 10,9 percent in 1986. 

Indicators of these freshmen's career objectives also 
reflect these choices of major. The percent of entering 
freshmen planning careers as computer programmers or 
analysts dropped by more than one-half from 1982 to 
1986. Engineering also declined for this period as a career 
of choice. 

Graduate Enrollments 

Total graduate student enrollment in science and engi- 
neering fields in all institutions increased at an average 



while nut strictly comparable to the other data in this 
chapter— are indicators of trends in undergraduate in- 



'A special survey of engineering and lechni)li)|;y enrollinenis is dis- 
cussed below. 

H'he Bureau ol llie Census' Current Population Survey (CPS) is con- 
dueled each October. CPS is a survey of app.^oxiniately 60,000 house- 
holds, covering about 125,000 people and 8,000 college students. Be- 
cause the data discussed here are developed from a sample of the 
population, data on smaller groups of the population should be used 
with care. 

'Engineering Manpower Commission (1986). 
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nhe data on engineering prugr*ims art frum 4 and 5 year programs 
approved by ihe AtLreditatiun I5uard of engineering and Technology 
Upon successful completion of these programs, the student receives a 
bachelor of engineering degree or, in the Case of the S-ycav programs, an 
"enginwring professional degree." The engineering technology enroll- 
ments, in contrast, are usually 2-year programs terminating in an asso- 
ciate degree, but some of these programs also include 4-year sludy. 

""All of the data discussed in this section are from The American F resit- 
niatL Nahomt! Norm.s For Fat! 19S2, 198^. 1984, 1985, and 1986 by the 
Cooperative Institutional Research Program. UCLA Excluded from the 
survey are part-time freshmen and students who have previously at- 
tended college for credit. Also excluded are semi-professional and 
proprietary schools, as well as some very small schools, l or a complete 
description of survey methodology, see any of the UCLA volumes. 



Table 2-1. Undergraduate enrollment In engineering and engineering technolog y programs 

1979 1980 1981 1982 1983 1984 1985 198 6' 

Engineering prog rams ~ 

'^SS'^^n ^^^-"^ 387.577 403.390 406.144 394.635 384.191 369 520 

l'^^^'^^" 103.724 110.149 115.230 115.303 109.638 105 249 103 225 99 238 

78.594 84.982 87.519 89.785 89515 ^9 6 vtS S 

'^'""y®^' 5.419 5.520 5.731 5.706 6.722 6.236 6.119 5;928 

25.811 32.227 32.825 31.940 35.061 34.864 36.673 38.137 

Engineering t echnology programs 

38.347 '^5 ^6 '^q 

18.102 22.127 21.483 14.123 23.995 17 030 18 098 NA 

Other full-time associates 455 784 bA] 221 709 7fl<; Zl ma 

Bachelor ol engineering technology 344 NA 

Third and later yr^ars 8.805 11.542 12.389 11.049 18.-'19 16.686 17.178 NA 

Total part-time. ,5.271 17.395 16.639 ' 24.134 "1.341 18.781 NA 

' Preliminary. 

Note: NA ^ Not available. 

SOURCE: Engineering Manpcmr Commission. Engmering Technology En^lmcnts. Fall ,935. Part . (p. v,} and Part II (p. v). 1986. and unpublished tabulations. 
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Ifable 2-2. Freshmen plans 

1982 1983 1984 198G 1 986 

^Percent 

Highest degree planned: 

Ph.DorEd.D. 8.2 8.5 9.2 9.2 9.7 

Master^ ................................. 30.5 30.4 31.2 31.6 330 

BAorB.S. 38.3 36.5 37.6 38.2 36.8 

Probable major: 

Biological sciences 3.7 3 9 4.2 3.4 39 

Engineering 12.6 117 ii!o 10 7 10 9 

Physical sciences 2.5 2.5 2.6 24 24 

Social sciences 5.3 5.1 6.7 7.'6 8!o 

Computer sciences 4.4 45 2 3 19 

Business 24.'2 2414 26.4 26!8 26.9 

Education g.O 6.0 6.5 7.1 8 1 

Arts and huriianitlbs 3.2 7.9 7.7 8.3 90 

Professions 13,3 UA 14.1 12..9 117 

Probable career occupation: 

Computer programmer or analyst 8.8 8.5 6.1 4.4 3^^ 

Scientific researcher 1.5 ^'5 ^'5 ^'^ 

Engineer 12.0 ip'.s io;4 iq^q 9 7 

SOJRCE: Cooperative Institutional Research Program. The Amoncan Fmhman: National Norms for Fall 
1986. and reports with the same title for 1 982-85. University of California at Los Angeles and American Council 
on Educatfon (December, t986) 
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annual rale of 2.6 percent from 1980 to 1986 (see figure 
2-1), akhough full-limo U S citizens in doclornle-grnnl- 
ing institutions increased only 0.5 percent during this 
period. (See appendix table 2-1) Acros.s-neId differences 
in enrollment patterns continued to be considerable, 
however. For instance, graduate enrollments in com- 
puter science led the increases at about 15 percent per 



year for me past 6 years. Similarly/ engineering enroll- 
ments continued to grow strongly. Graduate enrollments 
in the social sciences, on the other hand, declined at an 
average annual rate ol u.6 percent since 1980. (See Appen- 
dix table 2-2.) ^ 

Graduate enrollment trends also differ when cit- 
izenship, institutional level, and student status are taken 
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Figure 2-1. 

Average annual percentage change In 
graduate enrollments, by field, 1980-1986 



(Percent) 
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See appendix table 27< 
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Posidodorntcs. S/E postdoctorates pursuing advanced 
study and research in doctorate-granting institutions in- 
creased at a rate of 6.8 percent from 1985 to 1986, an 
increase over the 1980-86 average annual growth rate of 
4.6 percent. (See appendix table 2-6.) From 1985 to 1986, 
grovs^th in postdoctorate appointments was most notable 
in the environmental sciences (11.5 percent), physical 
sciences (6.6 percent), and life sciences (7.5 percent). 

Euwlhueub In/ Gender. One of the strongest trends in 
graduate S/E enrollments during the past decade has 
been the increasing enrollment rates of women. These 
increases, coupled with swelling enrollments by foreign 
nonresidents (see below), have helped offset declines in 
enrollment stemming from a shrinking population pool 
of graduate-age students. 

Women have increased their matriculation rates in vir- 
tually all S/E fields. (See appendix table 2-7.) Average 
annual female enrollment growth from 1980 to 1986 has 
been particularly strong in computer science (15.8 per- 
cent), engineering and most of its subfields (12.6 per- 
cent), and in the physical sciences (7.2 percent). Male 
enrollment growth in these fields for the same years was 
5.0 percent, 14.2 percent, and 2.4 percent, respectively. 

Despite these impressive growth rates, women still 
participate in S/E graduate education in numbers far be- 
low their share of the general population. S/E enroll- 
ments in 1986 by gender, for full- and part-time study in 
all institutional types, show that considerable progress is 
still needed to achieve equal participation by men and 
women in U.S. S/E higher education. 

Eurollmeuts by RaciallEUmk Status. The overall college- 
going rates of blacks, Hispanics, Asian-Americans, and 



into account. For example, full-time graduate S/E enroll- 
ment of U.S. citizens in doctorate-granting institutions 
increased 1.3 percent in 1986 over 1985, compared to a 6- 
year trend of 0.5 percent. (See appendix table 2-3.) For- 
eign citizen enrollments, in contrast, increased 9.7 per- 
cent in 1986, compared to a 6-year trend of 6.9 percent. 
(See appendix table 2-4.) This increase (2.6 percent) in 
total graduate S/E enrollments was concentrated in doc- 
torate-granting institutions; S/E enrollments in master's 
degree-granting institutions decreased -1.1 percent. (See 
appendix table 2-5.) 

Part-Tinw Graduate EuroUnwuts. One of the more per- 
sistent S/E enrollment trends is the increased tendency to 
pursue graduate S/E studies on a part-time basis. Full- 
time S'E graduate enrollment increased in all institutions 
at an average annual rate of 1 .9 percent from 1980 to 1986. 
(See figure 2-2.) Part-time enrollments, in contrast, in- 
creased at a 3.7-percent rate. The trend is stronger in 
master's degree-granting institutions. Full-time enroll- 
ments at these institutions have changed very little since 
1980; part-time enrollments in these schools, on the other 
hand, increased at an average annual rate of 5.6 percent 
since 1980. In 1986, 68 percent of S/E graduate enrollment 
in doctorate-grantmg institutions was full-time, com- 
pared with only 31 poicent in master's-granting institu- 
tions. (See appendix table 2-5.) 



Figure 2-2. 

Average annual percentage change in 
graduate S/E enrollments, by citizenship, 
racial/ethnic background, and enrollment 
status, 1980-1986 
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Native Americans differ markedly from those of the 
white population. These rates also differ by gender across 
racial/ethnic groups. (See figure 0-18 in Overview.) 
Whites (excluding white Hispanics) aged 18-21 have, 
from 1978 to 1985, slowly increased their enrollments in 
higher education to near 40 percent for both genders. 
(White males, however, have still not achieved their en- 
rollment rates of the early 1970's.) Black males are increas- 
mg their college enrollment rates while black female col- 
lege enrollment is holding steady. (See appendix table 
2-1.) In 1985, black males and females aged 18-21 at- 
tended college at 26 percent and 24 percent, respectively. 

Blacks are far less likely than whites to continue their 
education at the graduate level, and a smaller percentage 
of them enroll in S/E programs in graduate school. More- 
over, full-time enrollment of black U.S. citizens in gradu- 
ate S/E programs remained unchanged in 1986 over 1985, 
compared with an increase in white U.S. citizen enroll- 
ment of 1.7 percent. Part-time enrollment of blacks de- 
creased in 1986 over the previous year by 2.4 percent. 
Hispanic U.S. citizens increased full-time enrollments in 
1986 by 5.1 percent, but decreased part-timeS/E study by 
-4.4 percent. (See appendix table 2-2.) 

Black enrollment patterns differ from white enroll- 
ments in several ways. In 1986, blacks were more likely to 
be enrolled on a part-time basis than whites; 49 percent of 
black U.S. citizens in all institutions were enrolled on a 
part-time basis while the equivalent figure for whites was 
41 percent. Blacks were less likely than whites to be 
enrolled in doctorate-granting institutions; blacks also 
were less likely than whites (10.8 percent versus 19.0 
percent) to be enrolled in graduate-level engineering pro- 
grams. (See appendix tables 2-2 and 2-3.) 

One of the more noticeable trends in graduate S/E 
enrollment has been the strong interest in these fields by 
U.S. citizens from Asian backgrounds. Total S/E graduate 
enrollment growth of . vMans/Pacific Islanders averaged 
13 percent from 1982 to 1986. (See appendix table 2-2.) 
These students select engineering, computer science, 
and mathematics at rates higher than any other U.S. 
racial/ethnic group. Their enrollment rates in engineering 
equaled those of foreign students in graduate's/E engi- 
neering in 1986, and they were more likely than whites to 
choose engineering (36 percent versus 1^ percent). 

Enrollmenls by Citizenship. One of the most persistent 
trends in S/E enrollment patterns at U.S. institutions has 
been the increasing numbers of non-U. S. citizens. While 
at the undergraduate level, non-U.S. citizens made up 
less than 5 percent of the total student population in 1982, 
on the graduate level— and in S/E fields— the role of 
foreign students is much more evident. 

Foreign students represented 19.8 percent of all S/E 
graduate students in all institutions in 1986. (See appen- 
dix table 2-2.) They were even more heavily represented 
in doctorate-granting institutions (28 percent) and in at 
least three fields at these institutions— mathematics, en- 
gineering, and computer science— made up about 40 
percent of the total graduate enrollment. (See figure O-20 
and appendix table 2-4.) Most of these foreign S/E gradu- 
ate students were studying full-time, this was at least in 
part because of Immigration and Naturalization Service 
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regulations requiring full-time study by persons on stu- 
dent visas. 

Since 1980, full-time S/E graduate enrollments of U.S. 
citizens in all institutions have increased at an average 
annual rate of 0.4 percent, while non-U.S. citizen enroll- 
ments have increased at an average annual rate of 7.0 
percent. This illustrates the extent to which U.S. institu- 
tions offering S/E graduate degrees have depended on 
foreign student enrollment for much of their expansion. 
Higher education systems in other industrialized coun- 
tries have also experienced increased enrollments of for- 
eign students. This trend indicates an "internationaliza- 
tion" of the higher education services market, with the 
industrial countries providing their educational services 
to citizens from less developed countries. In the U.S. in 
1984-85, for example, 12 percent of the foreign students 
were from Africa, 14 percent from Latin America, 17 
percent from the Middle East, and 42 percent from South 
and East Asia. (See appendix table 2-8.) While the U.S. 
has the largest number of foreign students among the 
industrialized nations, it ranks 18th in terms of the pro- 
portion of students from foreign countries."* 



SCIENCE AND ENGINEERING DEGREES 

Overall Degree Trends 

In 1986, 530 more Ph.D.'s in all S/E fields ombined 
were awarded by U.S. educational institutions than in 



^NSF (1987b), p. 7. 



Figure 2-3* 

Science and engineering doctorates 
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1985. (See figure 2-3.) Thib increabe wab largely accounted 
forby engineering Ph.D.b, which increabed by 7 percent 
over 1985; science Ph.D.'s increased by 2 percent. Com- 
puter science and the phybical bcienccb led the increabeb, 
and mathematical scienc'eb Ph.D.b were up over tho pre- 
vious year for the first tinte in 14 years." 

While the total number of Ph.D/s awarded by U.S. 
institutions in all fields has changed little bince 1979, the 
proportion of those awarded in S/E fields has increased— 
by about 4 percentage points — to about 59 percent. (See 
appendix table 2-10.) This ratio of S/E doctorates to all 
doctorates is, however, below that of approximately 65 
percent attained in the early 1960's. And in absolute 
numbers, both total Ph.D.'s awarded and Ph.D.'s in S/E 
fields still remain below the peak years of 1973 and 1972, 
respectively. 

Baccalaureate and master's degree awards in S/E fields^ 
have also increased over the past few years. At the bac- 
calaureate level, the total number of S/E degrees earned 
increased in 1979 after 5 years of decline. Master's awards 
in S/E fields increased beginning in 1981 after a similar 
period of decline. (See appendix table 2-10.) 

In 1984, S/E degrees as a percentage of all baccalaure- 
ates attained their peak ratios of the late 1960's (about 32 
percent). In contrast, however, master's S/E degrees as a 
percentage of all mabter's were 23 percent, far below the 
30-percent ratio of the 1960's. 

Time-to-Ph.D. 

One of the more perbistcnt trends in S/E higher educa- 
tion is the increasing length of time incurred between the 
baccalaureate and doctorate degrees." The median 
number of years between receiving the bachelor's degree 
and earning the doctorate has increased bince 1974 in the 
physical sciences (by about 6 months), engineering (3 
months), life sciences (15 months), and social scienceb (24 
months). (See appendix table 2-11.) 

Ph.D.'s by Citizenship 

The number of U.S. citizens earning doctorates in S/E 
fields has been declining since at least 1975. '"In contrast. 



H'he discussion in ibis sccMon of Ircnds in dej;rce alUiinnicnl is 
rcslricled io broad disciplinary liclds and comparisons among IhchC 
liclds. Changes in degree allainmenJ pallerns within a lield nia) be 
inipurlanJ, bul they are bL)und iht sLupe this anal) sls I\»r c\amplc, 
a recenl sludy of degrees awarded in psychology found lhal Ihj fastest 
growth has occurred in the number of psychologists trained as health 
service providers, whereas training of academic or research -oriented 
psychologists has declined. (See American Psychological Association, 
1985.) Another example is the increasing importana^ of the Ph.D., 
compared to the M.D., in biomedical research. (See National Science 
Board, 1986a, pp. 97-9S.) 

"Disciplinary practices regarding the master's degree vary. Master's 
degrees rrwy be considered a terminal degree in some fields, while in 
Ph.D. programs the master's may or may not be part of the normal path 
to the Ph.D. 

"National Research Council (1985), pp. 7-8. 

'^'NSF (1987b). 



Ph.D. awards to non-U. S. citizens have increased stead- 
ily, these largely account for increases in total Ph.D. 
output over the past 8 years. 

Foreigners study in the U.S. on either permanent resi- 
dent visas or temporary (student) visas. In 1985, the 
percentage of total S/E Ph.D.'s awarded to foreign-born 
students hit an all-time high at 26 percent, with individu- 
al field ratios reaching (for example) 55 percent in engi- 
neering and 26 percent in the physical sciences." 

Most foreign students have temporary visas, and 
about 50 percent ot these plan to stay in the U.S. to work. 
About 85 percent of those students with permanent visas 
plan to remain in the U.S.'- While these pcrcc}itn;^cs have 
not changed in recent years, the mimhcr of such foreign* 
born Ph.D. earners planning to remain in the U.S. has 
increased. 



S/E Degrees by Gender 

Female participation in science and engineering, as 
indicated by S/E degrees awarded to women, has in- 
creased steadily over the past 25 years. (See appendix 
table 2-10.) In 1985, women earned 38 percent of all S/E 
bachelor's degrees, 30 percent of S/E master's degrees, 
and 25 percent of S/E Ph.D.'s. These percentages were up 
from 16 percent, 10 percent, and 7 percent, respectively, 
in 1960. 

In contrast to these impressive increases in percent- 
ages of S/E degrees awarded to women at various levels, 
the declining rates as the level of study increases show 
that women are less likely than men to continue in S/E 
study. However, the objective of increasing the rates at 
which women continue S/E education was clearly 
achieved through 1986, when women received 26 percent 
of all S/E Ph. D.'s earned by U.S. citizens, compared with 9 
percent in 1970.'Mn recent years, however, increases in the 
percentage of S/E Ph.D.'s obtained by women have 
slowed. 

S/E GRADUATE STUDENT SUPPORT 

One indicator of the value society places on science and 
engineering is the financial support provided to students 
in these fields. Especially at the expensive, higher levels 
of education, changes in support patterns can reflect 
society's perception of the need to invest in the higher 
education of future scientists and engineers. 

There are two types of indicators of support for gradu- 
ate education in science and engineering: (1) reports from 
students and institutions about the main sources of sup- 
port for graduate study, and (2) reports from Federal 



"National Research Council, 1986b. 
»'NSF (1987b), p. 30. 
'%id., p. 97. 
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agencies on their obligations for various activities in aca- 
demic science and engineering.*^ 

Source of Support 

Approximately 71 percent of the full-time S/E graduate 
students in U.S. doctorate-granting institutions received 
some form of financial aid in 1986; this percentage has not 
changed more than 1 or 2 points since 1980. (See appen- 
dix table 2-12.) When changes in the sources of graduate 
student financial aid are contrasted with enrollment 
changes over the same period, some noticeable shifts in 
source of support become evident. While full-time S/E 
enrollments increased at an annual average rate of 2.0 
percent from 1980 to 1986, thenumber of students report- 
ing the Federal Government as the main source of assist- 
ance decreased 0.5 percent over the same peiiod, al- 
though the 1985-86 percentage change was positive. (See 
below.) In contrast, students reporting their main sup- 
port from some source other than the Federal Govern- 
ment or self-support increased at an average annual rate 
of 3.8 percent from 1980 to 1986. (See figure 2-4.) The 
number of students who paid for most or all of their own 
graduate S/E education increased from 1980 to 1986 at an 
average annual rate of 1.1 percent;'*^ this growth was 
slightly behind that in enrollments. 

Over all science and engineering fields, the yearly 
proportion of full-time graduate students reporting their 
main support from Federal sources has declined, going 
from 23 percent in 1980 to 20 percent in 1986. However, 
the number reporting Federal support in 1986 was up by 
4.9 percent from 1985 across all S/E fields combined. 
Support of graduate students in engineering and com- 
puter science led these increases at 10.5 percent and 15.9 • 
percent, respectively. 

Federal support increased as the main source of sup- 
port in the environmental and agricultural sciences in 
1986 over 1985, in contrast to overall negative trends in 
such support since 1980. Federal sources as the main 
support for full-time graduate S/E students in the social 
sciences continued its downward trend. 



"Both of these indicators have limitations. For example, the census of 
academic institutions offering S/H doctorates only reports on the source 
and type of major support for the graduate student. Since students 
often attend graduate study with a package of financial aid from dif- 
ferent sources and of different types, many of these sources are not 
reported, leading to under- re porting of virtually all support sources. 
Additionally, the data contain no dollar value of the support received. 

Another source of data on student financial aid is the reports made by 
students upon attaining their doctorates. This survey is a full census of 
the population of students receiving a doctorate in an S/E field each year. 
Again, however the data are limited to the «nain source of support and 
ignore the amount of financial aid received. 

The problem with the second type of indicator— Federal obligations 

for academic science and engineering support on the graduate level 

is that it covers only a portion of the Federal support provided for 
graduate S/E study. While the indicator captures Federally funded 
fellowships, traineeships, and training grants, it misses the substan- 
tial monetary support of gr«iduate S/E students with rese«irch assist- 
antships. 

"Federally guaranteed student loans may be included in this figure. 
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Financial Support by Type 

The decline in fellowships and traineeships noted in 
Science Indicators— 1985 has been reversed in recent years. 
Such awards to graduate S/E students increased 1.2 per- 
cent from 1985 to 1986, although the 1980-86 trend re- 
mained negative. (See appendix table 2«13.) The most 
noteworthy increases from 1985 to 1986 were observed in 
computer scienc^ (10.7 percent), engineering (3.8 per- 
cent), and the soCi^.' sciences (4.3 percent). Research as- 
sistantships have shown strong growth as a preferred 
mechanism of support in all fields, but especially in engi- 
neering (14.3 percent) and computer science (13.1 
percent). 

Support by Gender and Source 

While women have increased their share of earned 
doctorates over the past decade, their proportions in S/E 
fields— both as graduate students and as doctorate recip- 
ients—are still far below those of men. 

In a world of equal qualifications, equal interests, and 
unbiased support patterns, fihancial support of males 
and females in S/E graduate education should mirror the 
proportions of male and female enrollment. In practice, 
however, this ideal is not achieved. (See appendix table 
2-22.) Several differences become apparent when male 
and female graduate S/E support are corn^Jared by fund- 
ing source and field of study. The Department of Defense 
(DoD) and foreign sources provide more financial aid to 
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graduate S/E males, at least in part because of male domi- 
nation in the fields of a ncern to the armed forces and in 
those chosen by foreigners studying in U.S. institutions. 
The Department of Health and Human Services (HHS), 
m contrast, most often funds females out of proportion to 
their share of enrollment in most fields. This pattern is 
also true of the National Institutes of Health, part of HHS. 
The National Science Foundation, in contrast, more heav- 
ily funded males than would be expected from their 
enrollment shares. 

Across all sources of main support, computer science 
and mathematics stand out as fields in which women 
receive less funding than their proportions in the fields 
would suggest. Females also listed "self support" as the 
main source of their graduate education funds more often 
than their enrollment shares alone would predict. (See 
appendix table 2-22.) 

INSTITUTIONS OF S/E HIGHER EDUCATION 

This section discusses two types of indicators. The first 
is concerned with the relationships among various 
groups of institutions: those which perform the most 
research and development (R&D), those which award S/E 
degrees at various levels, and those which award S/E 
baccalaureates to students who then go on to obtain 3/E 
Ph.D.'s at some other institution. A second set of data 
shows characteristics of the faculties in the Nation's in- 
stitutions of higher S/E education: their main activities on 
campus, their age distributions, and changes in their 
distribution across S/E fields in recent years. 

The Producers of S/E Doctorates 

Two recent analyses'^ of the baccalaureate origins of S/E 
Ph.D.'s found that: 

• Most S/E Ph.D.'s earned their baccalaureates at re- 
search-intensive and other doctorate-granting 
institutions; 

• The proportion of S/E Ph.D.'s earning their baccalaure- 
ates at research-intensive institutions has declined 
over the past few decades; 

• The baccalaureate origins of Ph.D.'s differ by gender 
and racial/ethnic group; and 

• A small group of selective small universities and col- 
leges produces relatively large percentages of their 
baccalaureates who go on to obtain S/E Ph.D.'s. 

These results are expanded on in the following 
paragraphs. 

Large Producers ofSIE Ph.D's. Using a slight modifica- 
tion of the "Carnegie" scheme for classifying institu- 
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tions/^ the National Research Council found that o\ all 
S/E Ph.D.'s awarded in 1984 to persons who attended 



'"Ntilional Research Council (A^b^ and Luis Peters, unpublished 
tabulations. 



'n*he scheme used was as follows: 

• Research-intensive universities, the 50 leading univerMtios in terms 
of Federal financial support, plus 50 or more Ph.D.'s awarded in 
1973-74. 

• Other doctorate-gran ting universities (128 institutions). 20 or more 
Ph.D.'s awarded in 1973-74, or 10 or more in at least three fields. 

• Comprehensive institutions (548 institutions): liberal arts programs 
plus at least one other professional or occupational program; highest 
degree awarded is the master's, or the Ph.D. program is extremely 
limited. 

• Liberal arts schools (430 institutions): predominantly bachelor's level 
with a strong liberal arts tradition. 

• Other (80 institutions), exclusive!) or almost exclusive!) technical or 
professional in such areas as medicine, theology, business, etc. 
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U.S. undergraduate institutions, 63 percent of their un- 
dergraduate degrees had been earned at research-inten- 
sive and other doctorate-granting institutions. (See fig- 
ure 2-5.) The baccalaureates of 58 percent of 1984 physical 
sciences Ph D.% 78 percent or 'Engineering, 65 percent of 
life sciences, and 58 percent of social sciences, had been 
awarded by these research-intensive institutions. 

Engineering Ph.D.'s were the most likely to have 
earned their baccalaureates at Ph.D.-gra. ting institu- 
tions. In contrast, chemistry Ph.D. earners were more 
likely than any other group of scientists to have obtained 
their baccalaureates at "comprehensive" or liberal arts 
colleges. These two types of institutions awarded 49 per- 
cent of the baccalaureates to U.S. citizens who obtained 
Ph.D/s in chemistry in 1984. 

Similar findings were made using a different institu- 
tional classification scheme and different time frame. '"^ 
This analysis divided the baccalaureate-granting schools 
as follows: schools granting more than 40 S/E Ph.D.'s in 
1981-82, 40 or fewer, up to the master's degree, up to the 
bachelor's degree, and foreign institutions. (See appen- 
dix table 2-15.) This analysis found decreasing percent- 
ages of baccalaureates awarded to S/E Ph.D. earners by 
the large i h.D. -granting institutions between 1963 and 
1983. Considerable increases in the importance of non- 
U.S. institutions in producing undergraduates who 
eventually obtain their Ph.D.'s in the U.S. were found in 
engineering and the physical sciences. 

Women S/E Ph.D. earners from 1983 to 1985 were 
slightly less likely to have obtained their baccalaureates at 
research-intensive or other doctorate-granting institu- 
tions than men (55 percent versus 59 percent). (See ap- 
pendix table 2-16.) Black S/E Ph.D. earners were consid- 
erably less likely to have attended these institutions than 
whites (40 percent versur 61 percent). 

'Troductive" Producers of S/E Pli.D/s. The data discussed 
above considered only the total output of the under- 
graduate institutions in terms of the number of bac- 
calaureate earners who eventually obtained Ph.D.'s. With 
this approach, the baccalaureate "source" institutions are 
dominated by the larger universities. Another approach 
is to compare the percentage of a school's baccalaureate 
earners who go on to obtain Ph.D.'s. 

The National Research Council compared the output 
and productivity of specific undergraduate institutions 
for the 1984 Ph.D. cohort. Across all fields, the study 
found that of the 30 leading undergraduate institutions 
granting at le^^st 50 baccalaureates**' in 1974, only 1 of 
these 30 was a primarily undergraduate school (City Uni- 
versity of New York-Brooklyn), based on total output of 
baccalaureates going on to obtain the Ph.D. in all fields. 
(See appendix table 2-17.) In contrast, of the 30 most 
"productive"^^ undergraduate institutions in 1974, 19 of 



"'Lois PckTS, unpublished (nbu lotions. 

'"The Nalional Research Council analysis used a cul-off of at leasi 50 
baccalaureates in order to avoid domination by the very .small, spe- 
cialized institutions. See National Research Council (1986b), 

^^in terms of the number or bacci:l.iureates from a particular school 
who go on to obtain Ph.D/s A "productivity" measure is derived by 
dividing the Ph.D. earners wiMi a baccalaureate from a specitlc school 
by the number of baccalaureates produced by that school. 



these schools were neither research-m tensive nor other 
doctorate-granting schools. 

The same analysis identified "productive" under- 
graduate institutions which award undergraduate de- 
grees to eventual S/E Ph.D. recipients out of proportion 
to their size and importance in the research and develop- 
ment community. For example, 6 of the 10 most "produc- 
tive" producers of baccalaureates for 1984 Ph.D.'s in the 
physical sciences were primarily bachelor's institutions 
or specialized schools. Corresponding counts were 4 out 
of 10 for engineering, 4 of 10 for the life sciences, and 8 of 
10 for the social sciences. (See appendix table 2-18.) 

S/E Higher Education Faculties 

U.S. institutions of higher education^' employed 
202,000 doctoral scientists and engineers in 1985. Of 
these, 180,000 were doctoral about 54 percent of 

the total doctoral scientists employed in the U.S. The 
approximately 22,000 doctoral engineers employed by 4- 
year institutions represented some 33 percent of the total 
U.S. engineering workforce with Ph.D.'s in 1985. 

Virtually all of the major S/E fields have experienced 
growth in the academic employment of Ph.D.'s (see fig- 
ure 2-6), although at different rates of growth. Four-year 



^'Defined here as 4-year colleges and universities only. 



Figure 2-6. 

Growth in acatf' .nlc employment of 
doctoral scie?ir^^ts and engineers 
between 1977 and 1985 

(Percent change) 
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institutions increased the employment of doctoral com- 
puter scientists by 142 percent from 1977 to 1985. a far 
higher total growth rate than for any other major field. 
Other fields with considerable increases since 1977 in- 
cluded the life sciences (35.4 percent), engineering (36.9 
percent), the social sciences (30.3 percent), and psychol- 
ogy (29.7 percent). (See appendix table 2-19.) 

The increase in the employment of doctoral scientists 
and engineers by 4-year institutions has been accom- 
panied by an increase in the research and development 
activities of these academic employees. Between 1981 and 
1985, the percentage of doctoral scientists and engineers 
on 4-year campuses who reported teaching as their pri- 
mary activity increased at a slower rate than total employ- 
ir.ent growth in all major fields except computer science. 
In contrast, the proportions of doctoral scientists and 
engineers at 4-year schools reporting R&D activities as 
their primary work emphasis increased at rates greater 
than employment growth in all fields except computer 
science, the life sciences, and psychology from 1981 to 
1985. (See appendix table 2-20.) 

Coi\^puter science led most trends from 1981 to 1985, 
no doubt because of the rapid transformation and sta- 
bilization of this field on the Nation's campuses. In those 
4 years, computer science experienced: 

• A 79.0-percent growth in the number of Ph.D. holders 
reporting teaching as their primary activity; 

• A 73.5-percent growth in the number of Ph.D. com- 
puter scientists employed at 4-year institutions; and 

• A 64.4-percent growth in the number of Ph.D. com- 
puter scientists reoorting R&D as their primary ac- 
tivity on campus, compared with the next highest such 



increases of 23.9 percent by engineering Ph.D.'s and 
22.5 percent by mathematics Ph.D.'s. 

The S/E doctoral faculties of the Nation's 4-year institu- 
tions also held, in general, higher rank in 1985 than in 
1981. (See appendix table 2-21.) In 1985, proportionately 
more doctoral faculty members held the rank of full pro- 
fessor than in 1981 in all large fields except computer 
science and engineering. Fields experiencing increases in 
the proportions holding the rank of full professor display 
m general decreasing proportions holding either associ- 
ate or assistant professor status. Only computer science, 
mathematics, and engineering showed increases in the 
proportions holding assistant professorships in 1985 over 
1981, because of the more recent growth and increased 
new hiring in these fields. 

The age distributions of doctoral faculties reflect the 
increases in academic rank discussed above. (See appen- 
dix table 2-19.) In all fields combined, the proportions 
younger than 40 years have decreased since 1977. When 
observed field by field, mathematical scientists and engi- 
neers—as might be expected from the recent growth of 
these fields — have shown slight increases in the propor- 
tions of doctoral faculty 30 years or younger. The com- 
puter/information sciences, which might for the same 
reason also have been expected to show an increasing 
proportion of relatively younger faculty, have in fact expe- 
rienced a decrease in the proportious of faculty under 40 
yearsand significantly increased the proportion between 
40 and 49 and more than 60. This unexpected trend in age 
distribution may be because of the reputed large amount 
of field switching into computer science from other 
fields. 
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Chapter 3 
Science and Engineering 

Workforce 



Science and Engineering Workforce 



HIGHLIGHTS 



• Employmeui in science and en^{*ineerin^ (S/E) jobs reached 
3.9 million in 1986, an average annual increase of 6.3 percent 
per year since 1976, During this period, employm^int of 
scientists grew at a faster rate than that of engineers 
(7.1 percent per year versus 5.8 percent). Growth in 
scientific employment was greatly influenced by com- 
puter specialists, however, who accounted for about 
two-fiftiis of the total increase in scientific jobs. (See 
pp. 53-54.) 

• Private indust' • *myvided employment for 66 percent (2.6 
million) of the N n's scientists and engineers in 1986, ///; 
//•()/// 62 percent (i .3 million) m 1976. Educational institu- 
tions ranked a distant second with 15 percent (0.6 
million) of all S/E employment. Almost 70 percent of 
those employed in industrial S/E were engineers, 
while scientists represented more than 84 percent of 
S/E employment in academia. (See pp. 55, 58.) 

• Although tlr percentage of women scientists and engineers 
in the workforce has steadily increased since 1976, \vomen 
employed in S/E remained\inderrepre$ented in 1986, ac- 
counting for onli A? percent of the science and engineering 
ivorkforce. By comparison, women represent almost 
one-half of the total U.S. workforce. (See pp. 61-63.) 

• Blacks remained undenvpresented in the S/E workforce in 
1986, accounting for only 2.5 percent of all scientists and 
engineers. In contrast, blacks make up 10 percent of 
total U,S employment and 6 percent of the professional 
and related workforce. (See pp. 63-64.) 



• LMbor market indicators suggest that m 19S6 there loas gener- 
ally sufficient demand to accommodate the science and engi- 
neering workforce. This was characterized by the high 
labor force participation rate (94.5 percent) and low 
unemployment rate (1.5 percent) for scientists and 
engineers. (See p. 64.) 

• High-technology industrial growth and the increasing use of 
high-technology goods and seivices in the economy as'a whole 
will lead to increasing demand for scientists and engineers in 
industry. Demand for S/E personnel is expected to in- 
crease by 36 percent between 1986 and 2000, with the 
highest anticipated growth expected for compu ter spe- 
cialists (76 percent) and the lowest for chemists (11 
percent). (See pp. 67-68.) 

• The supply of new science and engineering graduates mat/ 
decline ove^ the ne.xt decade because of an expected decrease in 
the college-age population. Increased participation by 
women and minorities in undergraduate S/E programs 
and/or expanded enrollment of older students and 
foreigners may be required to eliminate potential 
shortages of new S/E graduates. (See pp. 64, 68-70.) 

• The United States has a higher proportion of scientists and 
engineers in the labor force than has Japan (2.8 percent as 
compared to 2.5 percent). In addition, the U.S. participa- 
tion of women in S/E is 2.5 times greater than that of 
Japan. The United States is also graduating more engi- 
neers at both the bachelor's and doctorate degree lev- 
els. (See pp. 70-72.) 



The more than 4,6 million scientists and engineers' 
employed in the United States in 1986 contribute in 
countless ways to the welfare and technological progress 
of the Nation. They are essential to the functioning of our 
advanced industrial society and have an impact on so- 
ciety disproportionate to their numbers. 

The past decade has witnessed a substantial growth in 
demand for workers in science and engineering ac- 
tivities. New and expanded programs in research and 
development (R&D), defense, health, and higher educa- 



Scc appendix t«il>lc3-l. In gonor«il, «i person is considered «i scientist 
or engineer li (I) the highest degree held is in «i stience or engineering 
field, and (2) the person is either eniphn'ed in a science t)r engineering 
jt)b or prt)fessit)nally itlentilies hinisell or herself as a snenhst t)r engi- 
neer t>ased on (t>(al e(hicatit)n and wt)rk experience. 



tion all contributed to this growth. There has also been a 
shift in this decade in the industrial demand composition 
for S/E personnel as nonmanufacturing industries begin 
to overtake manufacturing ones as the major employ- 
ment sector. ' These changes have been generally accom- 
plished through a flexible labor force and educational 
system capable of providing the personnel and training 
required, an increasing utilization ol loreign-origin per- 
sonnel has also been a significant [actor/ 

While there were substantial shortages tor manv b/E 
occupations in the early I980's/ there was, by 1986, a 
sufficient supply of scientisis anc engineers to rneet most 



See NSF( !%7a), l>ack cover 
^NSI- (l%()a). p. V 
*NSH(imi>). back I over 
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of the industrial sector's needs. Within the academic sec- 
tor, however, low rates of faculty retirement and declin- 
ing rates oi <»rowth in institution size have produced a 
progressively older science and engineering academic 
community/ Another persistent problem is a continuing 
shortage of Ph.D/s for employment in engineering 
schools.** Since these patterns are not likely to change in 
the near future, there is some concern as to the ability of 
colleges and universities to maintain the high caliber of 
S/E research and education. 

This chapter reviews trends in utilization patterns of 
scientific and technical personnel, examines the dynam- 
ics of the supply of scientists and engineers, discusses 
recent labor market conditions, and presents forecasts of 
requirement?? through the 1990's. 

UTILIZATION OF SCIENTIFIC AND TECHNICAL 
PERSONNEL 



Trends in S/E Employment 

Trends in the utilization of scientific and technical per- 
sonnel, when reviewed against the backdrop of other 
economic developments, provide indicators of national 
priorities in assigning human resources to science and 
technology. In the last decide, employment of those in 
scljnce and engineering jobs has grown more rapidly 
than have total U.S. employment and overall economic 
nrtivity: this indicates substantial shifts in national ac- 
tivity patterns toward those related to science and tech- 
nology. Moreover, this growth has been shared by all S/E 
occupations, particularly computer specialties. The pro- 
portion of scientists and engineers employed by the in- 
dustrial and educational sectors has continued to in- 
crease, while the percentage working in the Federal 
Governu.cnt and other sectors has declined. 

it is useful to distinguish between the employment of 
those who are considered scientists and engineers be- 
cause of their education and experience and the employ- 
ment of those who have jobs in S/E. For a variety of 
reasons (mostly "voluntary" ones, such as better pay, 
promotions, and location preference), some scientists 
and engineers hold jobs outside their own or related 
fields. Of the approximately 4.6 million employed scien- 
tists and engineers in 1986, 15 percent (700,000) reported 
that they held jobs outside of science and engineering; 
scientists (23 percent) are more likely than engineers (8 
percent) to hold such positions. (See figure O-IO in Over- 
view.) Being employed in non-S/E jobs does not neces- 
sarily mean that these scientists and engineers are under- 
utilized (see p. 65), since their training and education may 
provide valuable insights on their nontechnical activities. 
Trends in the numbers of persons employed in science 
and engineering work relative to all U.S. workers or other 
economic variables are direct indicators of national pri- 
orities for technical compared to nontechnical activities. 



Tauhi Stcphan, as reported in Cunningham (1^86), p 6 
*Doigan (1984), pp. 50-55, 
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The recent emphasis on increasing defense expen- 
ditures, levels of research and development <\\pen- 
ditures, and growth in demand for high-technology 
goods and services all would suggest that S/E employ- 
ment would be expected to claim a higher proportion of 
overall U.S. employment. The 1986 data confirm this 
premise, as the U.S. workplace continues its trend of 
putting greater emphasis on scientific and engineering 
activities. Between 1976 and 1986, the number of those 
employed in S/E jobs expanded at a substantially faster 
rate than did either total employment or overall economic 
activity as measured by gross national product (GNP). 
(See table 0-1 and figure 0-9 in Overview.) 

During the last decade, the S/E workforce^ nearly dou- 
bled, increasing four times as rapidly as total U.S. em- 
ployment. Science and engineering employment grew by 
6.3 percent per year between 1976 and 1986, reaching 
almost 4 million. (See figure 0-11 in Overview.) In the 
same period, total U.S. employment increased by 2.1 
percent per year;^ the share of the total workforce de- 
voted to science and engineering increased from 2.4 per- 
cent to 3.6 percent. (See figure 3-1.) Finally, real GNP 
increased at an annual rate of only 2.7 percent between 
1976 and 1986. 

As indicated above, much of the increase in S/E em- 
ployment can be attributed to the relatively greater uti- 



•Includes only those scientists and engineers employed in science or 
engineering jobs, unless otherwise indicated. 
^Civihan employment, 16 years of age and over. 



Figure 3-1. 
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lizalion of scientists and technical personnel in the econo- 
my—presumably because of greater scientific and tech- 
nical sophistication of products and production pro- 
cesses. Government expenditures for defense and other 
programs requiring significant inputs of S/E talent, and 
other factors. 

Growth in the employment of scientists and engineers 
between 1976 and 1986 varied substantially acro3s fields. 
Employment in science occupations increased at an aver- 
age annual rate of 7.1 percent, reaching more than 1.6 
million in 1986. Computer specialisfs accounted for al- 
most two-fifths of the total employment increases among 
scientists; if computer specialists are excluded, employ- 
ment growth for scientists averaged 5.5 percent per year. 
In 1986, 2.2 mii-^on persons held engineering jobs, repre- 
senting an average annual rate of increase of 5.8 percent. 
The largest relative growth in engineering was recorded 
by electrical and astronautical/aeronautical engineers. 
(See figure O-ll in Overview.) Engineering employment 
growth would Probably have been liigher if not fo' the 
engineer supply constraints experienced in the late 1970's 
and early 1980's.*' 

The trends observ^ed during the 1976 36 period have 
become more pronounced since the early eighties. Be- 
Iween 1980 and 1986, employment of scientists rose at an 
annual rate of 8.4 percent per year. This growth was still 
influenced substantially by computer specialists, whose 
employment increased at an annual rate of 14.2 percent. 
This growth in the number of computer specialists, com- 
pared to the much smaller number of people earning 
degrees in the field, suggests substantial field mobility. 
Excluding computer specialists, employment of scien- 
tists increased by 6.8 percent per year. Employment of 
engineers also grew at an annual rate of 6.8 percent 
during the 1980-86 period. (See appendix table 3-1.) 

Employment of S/E doctorate holders reached 400,000'" 
in 19^5— an increase of 82 percent (5.1 percent per year) 
since 973. Since 1981, employment growth of doctoral 
scientists and engineers has slowed, however, increasing 
by less than 4 percent per year versus 5.7 percent peryear 
between 1973 and 1981. 

While educational institutions have remained the pri- 
mary source of S/E doctoral employment, the share of 
Ph. D. scientists and engineers employed by industry has 
been steadily increasing. Industry employed 31 percent 
(126,000) of doctoral scientists and engineers in 1985; this 
was np from 24 percent in 1973. The 212,000 Ph.D. scien- 
tists and engineers in educational institutions in 1985 
represented about 53 percent of the employed total, 
down from 59 percent in 1973. 

Scientists at the doctoral level continued to outnumber 
engineers by about five to one in 1985, with growth rates 
since 1973 varying considerably by field. The physical 
and mathematical sciences experienced below average 
annual growth rates, while computer specialties was the 



fastest growing field of employment Between 1973 and 
1985, Ph.D. employment in this field grew at an annual 
rale of more than 15 peraMit per year, from 2,700 in 1973 
to 15,000 in 1985. Almost 60 percent of the increased 
employment of doctoral computer specialists took place 
in industry; about 31 percent occurred in educational 
institutions. 



Trends in Science and Technology Activities 

Trends in the primary work activities of scientists and 
engineers are direct indicators of the character ol U.S. 
science and technology. These activities are measured by 
the number and proportion of those engaged in perform- 
ing R&D, teaching, and other activities (see figure 3-2), 
and vary considerably by sector of the economy. Between 
1976 and 1986, there was a substantial increase in the 
relative proportions of scientists and engineers primarily 
engaged in production, reporting and related activities, 
and teaching. The proportions of those working in de- 
velopmeni rose slightly, while the relative proportions of 
those primarily engaged in general management, R&D 
management, and research declined. 

The number of scientists and engineers primarily en- 
gaged in research and development almost doubled in 
the 1976-'86 period. By 1986, R&D was the primary ac- 
tivity of 31 percent of the Nation's scientists and engi- 
neers, with an additional 10 percent (about 370,0 '0) 
working in R&D management. Scientists were more like- 



Flgure 3-2. 
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'NSF (1982). 

^"Includes 35,900 doclora! sdenlisls myd engineers employed in nun- 
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ly than engineers to report research as their primary 
activity (17 percent versus 4 percent), while engineers 
were more likely to be involved in development and R&D 
management (41 percent versus 19 percent). Those hold- 
ing S/E doctorates were employed in similar proportions, 
hi 1985, 33 percent of doctoral scientists and engineers 
were working primarily in research and development, 
while an additional 9 percent cited R&D management as 
their primary activity. 

Employment in teaching a-^tivities grew at a somewhat 
higher rate than did overall S/E employment during the 
1976-86 period (8.3 percent versus 6.3 percent per year). 
About 9 percent of all scientists and engineers reported 
teaching as their primary work activity in 1986, with 
scientists more likely than engineers to report teaching as 
their principal activity (17 percent versus 2 percent). This 
contrast is partially a result of differences in educational 
levels: scientists are more likely to hold academic teach- 
mg positions than are engmeers because a larger propor- 
tion of scientists holds doctorates (18 percent versus 3 
oercent). At the doctoral level, however, 28 percent of 
scientists and engineers reported teaching as their pri- 
mary work activity in 1985; this was down from 36 per- 
cent in 1973. The decline in the proportion of doctorate.*^ 
reporting teaching as their primary activity is the result of 
a shift in the concentration of Ph.D.'s from acadcmia to 
industry (see discussion below on sectoral trends), with 
the attendant change in work activities. 

From 1976 to 1986, production and related activities- 
including quality control — were among the fastest grow- 
ing S/E work areas, especially for engineers. The number 
of scientists and engineers primarily engaged in these 
activities rose by an average of almost 9 percent per year 
to about 512,800 in 1986— 398,500 engineers and 114,300 
scientists. 



SECTORAL TRENDS IN THE S/E LABOR FORCE 

Private industry was the major employer of both engi- 
neers and scientists (66 percent or 2.6 million) in 1986, 
with engineers more likely than scientists to work in this 
sector (80 percent versus 48 percent), hidustry also em- 
ployed more than 1.6 million S/E technicians as support 
personnel. Since 1976, the share of scientists and engi- 
neers employed in business and industry has increased 
by about 5.0 percent, while declining slightly (1.5 per- 
cent) for the Federal Government. In 1986, the education 
sector ranked a distant second as an employer of scien- 
tists and engineers (15 percent or almost 573,000), env 
ploying 29 percent of all scientists, but only 4 percent of 
all engineers. (See figures 3-3 and 3-4.) 

Sectoral changes have been more pronounced at the 
doctoral level. Although educational institutions re- 
mained the primary employer of doctoral scientists and 
engineers in 1985, the proportion employed in this sector 
has declined steadily since the early 1970's, while the 
industry share has increased. In 1973, 59 percent of all 
those holding S/E doctorates were in educational institu 
tions and 24 percent were in business and industry, in 
1985, these proportions were 53 percent and 31 percent, 
respectively. (See figure 3-5.) 



Rgure 3*3. 

Distribution of.emptoytd scientists and 
engineers, by sector of employment: 1976, 1986 
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Distribution of employad scientists and englniMrs, 
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industry increased by an average of 7 percent per year, 
from 1 .3 million in 1976 to almost 2.6 million in 1986. (See 
figures 3-6 and 3-7.) There was a gradual shift in S/E 
employment concentration from the manufacturing to 



Figure 3-6. 
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Rgure 3-7. 

Enginnrs •mployiid in industry, by field: 
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the nonmanufacturing sector," with the proportion of 
scientists and engineers employed in manufacturing in- 
dustries declining from more than 57 percent in 1977'^ to 
about 55 percent in 1986. Of the scientists and engineers 
employed in industry in 1986, about 45 percent worked 
in the nonmanufacturing sector. (See figures 3-8 and 3-9.) 

Much of the increase in S/E employment in the non- 
manufacturing sector can be attributed to th- rapidly 
expanding workforce of the service-producmg indus^ 
tries, changes in S/E employment within the manufactur- 
ing sector, on the other hand, are almost entirely ex- 
plained by structural change. Even though manufactur- 
ing industries experienced little or no growth in total 
employment levels between 1977 and 1986, science and 
engineering employment in this sector increased by an 
average of 4.9 percent per year. This growth— primarily 
because of the increased dominance of engine^ s, com- 
puter specialists, and mathematical scientists** within 
these industries— reflected a shift away from the labor- 
intensive production atmosphere ' the seventies to the 
more "high-tech" and knowledge-intensive environment 
of the eighties. 

Employment of S/E technicians became increasingly 
more prominent between 1977 and 1986, increasing from 
0.9 million in 1977 to more than 1.5 million in 1986 (5..T 
percent growth per year). Almost 80 percent of the in- 
crease occurred in the nonmanufacturing sector, again 
primarily because of the high concentration of service- 
producing industries in that sector. Computer program- 



"See NSF (1987a), back cover. 

"luirlif >t year in which data were available. 

"*ZampeIli (1986). 
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Figure 3-8; . 
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mer, electncal/electronics technician, and mechanical 
technician employment all showed substantial gains. 
(See figure 3-10.) 

The shifts in industrial demand for scientists, engi- 
neers, and technicians over the last decade are the result 
of sweeping changes in industry makeup. Between 1976 
and 198b, total private nonagricultural employment in 
the United States grew by almost one-third from 64 mil- 
lion to 83 million. This entire growth was in nonmanufac- 
turing, more notably in non-blue-collar, jobs. Howevti, 
even though total manufacturing employment did not in- 
crease during this period, manufacturing production (as 
measured by the industrial production index) rose by 
almost 40 percent.'^ 

This separation of manufacturing production from 
manufacturing employment illustrates the transition 
from mid-1970's labor-intensive industries to 1980's 
knowledge-intensive industries. For example, it has been 
estimated that the manufacturing costs of the semicon- 
ductor microchip are about 70 percent knowledge— that 
is, reseaich, development, and testing — and no more 
than 12 percent labor. '"^ Similarly, for prescription drugs, 
labor represents only 15 percent of the cost, with knowl- 
edge representing almost 50 percent,'^ By contrast, in the 
most fully automated automobile phnt, labor w ould still 
account for 20 to 25 percent of the costs. 



Rgure3-9, 

Percentage of engineers ernployad In industry, 
byrsector^and fi^ 1977, 1986 



"Council of Economic Advisors (1987), p. 296. 

»^Drucker (1986), p. 778. 

'^Ibid. 

»nbid. 



(Percent) 
100 80 60 40 .20 0 



(Percent) 
0^ 20' 40; 60 80 100 




Nonmanufacturing 

'Se« appendix labie 3-7^ 



Manufacturing 

Science & Engineering Indicators — 1987 



Figure V10, 

Science^anddngineering technicians employed in 
private injdustry, by sector and field: 1977, 1986 
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For the last 15 to 20 years, almost the entire shrinkage 
in manufacturing jobs in the U.S. has occurred in the 
large companies, beginning with the steel and auto- 
mobile industry giants. Medium- and small-sized man- 
ufacturers have held their own or even added employees. 
Other developer! countries, includmg Japan, have also 
been experien^mg this reversal of the dynamics of size. 

While the transition to a high-tech workforce over the 
last decade hr'^s been accompanied by increasingly greater 
demands for workers with S/E skills, the jupply of such 
workers has not always been sufficient to meet industry 
needs. As noted previously, in the late 1970's and early 
1980's many firms reported employee shortages in most 
engineering fields and computer specialties; however, by 
1986, there appeared— in general— to be a nearly ade- 
quate supply of scientists and engineers. This balance 
has been brought about in par^ by field switching and a 
hiyh reliance on foreign S/E personnel.'^ 

Educational Institutions 

Overall demand for scientists and engineers in educa- 
tional institutions^'' kept pace wifh the rate of the econo- 
my's growth in demand, increasing from 13 percent in 
1976 to almost 15 percent in 1986. The ratio of scientists to 
engineers also remained constant at about 6 to 1. Of the 
approximately 573,000 scientists and engineers working 
in educational institutions in 1986, almost 84 percent 
were employed in sciantific fields; one-half of these were 
either life scientists or social scientists. Of the 91,000 
engineers in this sector, 17,000 were mechanical engi- 
neers and 25,000 were electrical/electronics engineers. 
(See figure 3-11.) 

In general, academia experienced the same increasing 
demc^nd for technical staff as did industry— especially for 
employees with engineering or computer science de- 
grees. Moreover, because some universities and colleges 
in the early 1980's were unable to compete with the 
salaries offered by private industry, they lost faculty 
members in certain high demand engineering posi- 
tions.^* Lackinjj graduate candidates to fill these posi- 
tions, educational institutions have increasingly relied on 
foreign academics (as in industry) to maintain their staff- 
ing levc's.-' 

Federal Government 

While the Federal Government was the largest single 
eiiiployer of scientists and engineers in the United States 
from 1976 to 1986, the proportion of scientists and engi- 
neers it employed declined in those years from 10.0 per- 
cent to 8.5 percent. In ^986, more than 54 percent of the 
334,200 Federal scientists and engineors were employed 



''NSP (1986b), buck cover. 

'""See chapter 5, "/^ endemic R&D and Basic Research: PuUerns of 
Performance." 
* Mansen (1985), p. 6. 
^'NSF (1986aX p. 36. 



Figure 3-1 1. 

Scientists and engineers employed 
in educational institutions, by field: 
1976 and 1986 
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in engineering occupations, of which almost one-half 
were eitner electrical/electronics or civil engineering. Of 
the 153,500 scientists in the Federal Government, 40,200 
were life scientists and 32,100 were computer specialists. 

Federal employment was more tecHnologically inten- 
sive than the overall workforce: about 14 percent of all 
Federal white-collar employees worked in S/E occupa- 
tions, compared to only 6 percent of total U.S. white- 
collar employment.22 The Department of Defense (DoD) 
employed almost one-half of all Federal scientists and 
engineers, with the D^^partnient of Agriculture ranking a 
distant second (12.0 percent).^^ 

Other Sectors 

Of the 423,700 scientists and engineers not employed 
in the above sectors in 1986, almost one-half (214,600) 
worked for State and local governments while 34 percent 
(143,900) were employed by nonprofit institutions. The 
remaining 16 percent were either in the military or other 
organizations. 



-^NSF (1987b). 
^^Ibid. 
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DEMOGRAPHIC TRENDS: EDUCATIONAL 
ATTAINMENT 



Bachelor's and Master's Degrees 

Partly in response to a perceived growth in employ- 
ment opportunities, the number of college degrees 
awarded in engineering and computer science increased 
between 1976 and 1986. S/E graduates during this period 
benefited from higher employment rates. The proportion 
of bachelor's degree recipients employed in S/E occupa- 
tions rose from 45 percent to 64 percent; S/E employment 
of master's degree recipients increased from 77 percent to 
84 percent. (See figure 3-12.) 

The strong demand for graduates in computer science, 
engineering, and mathematics was consistent with the 
high levels of employment in S/E occupations. Although 
there was substantial variation among fields, acqu;<;ition 
of a master's degree generaily provided more S/E employ- 
ment opportunities. While at least 90 percent of master's 
degree recipients in most major fields were employed in 
S/E occupations, the rate? for life and social sciences were 
considerably lower — 81 percent and 56 percent, 
respectively.^* 

In general, the S/E employment rates for men were 
higher than those for women at both the bachelor's and 



2^NSF (1988a). 



Rgure 3-12. 

Percent of recent sslence/engineertng (S/E) degree 
recipients employed in S/E jobs: 1976, 1986 
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master'b degree levelb. The conccntrationb of each bex in 
particular fields contributed to some of the difference in 
rates. For instance, the low S/E employment rate in the 
social sciences coupled with the concentration of women 
in these fields effectively lowered the average employ- 
ment rate. Moreover, the high S/E employment rate in 
engineermg — in which men were predominant — had the 
effect of raising men's average S/E employment rate. 

The contmumg high demand for computer specialibtb 
exceeded the supply of computer .science majorb and 
attracted graduates from other S/E fieldb, ebpecially 
mathematics and engineering. In 1986, about four-fifthb 
of both the bachelor's and master's degree recipients 
workmg as computer specialistb were computer science 
graduates; this was an increase over 1984 levels, when 
about two-thirds of the bachelor's and master's degree 
recipients had computer science degrees. The rising 
share reflects the rapid increase in the number of degrees 
awarded in computer science. (See figure 3-13.) 



Figure 3-13. 

Degree field of 1984 and 1985 science/engineering 
graduates working as computer specialists in 1986 
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Indubtry continued to be the major source of employ- 
ment opportunities for new S/E graduates in 1986, 
providing jobs for 66 percent of those with bachelor's 
degrees and 56 percent of those with master's degrees. 
Educational institutions employed only 7 percent of the 
bachelor's and 15 percent of the master's, whil j the gov- 
ernment sector (Federal, State, and local) accounted for 
between 12 and 16 percent of each group, hidividuals 
with degrees (both levels) in the physical sciences, math- 
ematics, engineering, and computer science were more 
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likely to be working in industry; recipients of degrees in 
other fields were more evenly distributed among the 
employment sectors. 

Doctorates 

In 1985, employed science and engineering doctorate 
holders in the United States numbered more than 
400,000; this represented an increase of 82 percent since 
1973. I he proportion of S/E doctorate holders employed 
in non-S/E jobs increased steadily during this period, 
from 6 percent in 1973 to 8 percent m 1985. 

Increases in employment among doctoral scientibtb 
and engineer*^, varied substantially among fields between 
1973 and 1985. (See figure 3-14.) Employment of com- 
puter specialists increased by an average of 15.4 percent 
per year during this period, by contrast, overall employ- 
ment of Ph.D. scientists and engineers increased at a rate 
of 5.1 percent. Physical and mathematical scientists 
showed much slower growth rates (2.8 percent per year 
each). Employment of social scientists increased by 6.7 
percent per year, primarily because of rapid growth in a 
number of relatively small social science fields includ- 
ing— for example— communications, political science, 
and public policy and administration. 

Employmenigrowth of science and engineering docto- 
rate holders lias not been uniform. Engineering employ- 



Figure 3M4. 

Doctorates employed Sn science, 
by field: 1973, 1985 
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Dient increased at a slightly faster rate than for scientists 
(6.0 percent versus 5.7 percent per year) between 1973 
and 1981. Since 1981, however, employment growth in 
most S/E doctorate fields has slowed, with employment 
of Ph.D. scientists increasing at an average rate of 3.9 
percent per year compared to 3.7 percent per year for 
doctoral engineers. (See figures 3-15 and 3-16.) 



Figure 3-15. 
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A Irend toward nomcademic employment of S/E doc- 
torate holders began in the early I970's. Between 1973 
and 1985, employment of doctoral scientists and engi- 
neers in industry increased more than twice that in the 
other sectors— 142 percent versus 64 percent. Employ- 
ment of S/E doctorate holders in business and industry 
continued to increase sharply betwten 1981 and 1985, at 
an annual rate of 6.1 percent versus 2.9 percent for all 
other sectors combined. The educational sector— al- 
though continuing as the primary employer of doctoral 
scientists and engineers— showed an increase in doctoral 
S/E employment of only 3,2 percent per year between 
1981 and 1985. The share of doctoral scientists and engi- 
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Figure 3-17. 

VVork activities of employed doctoral scientists 
and engineers: 1973 and 1985 



(Percent) 
20 



Research 



Development 



Management 
of R&O 



Other , 
managerrienV; 

teaching 



'Other 




See appen(jbct2b!e 3*12. 



Science & Engfneering Indicatofs - 1S87 



See appendU table 3-11. 



Science & Enginecrttig Infjcatof s - 1937 



neers employed by business and industry, as compared 
with total employment of Ph.D. scientists and engineers, 
thus increased from 24 percent in 1973 to almost 32 
percent in 1985. The slow growth rate of doctoral S/E 
employment m the academic sector during this period 
contributed to a reduction in its share of doctoral employ- 
ment, from 59 percent m 1973 to less than 53 percent in 
1985. 

Between 1981 and 1985, mdustry employment of doc- 
toral engineers mcreased at a slightly slower pace than in 
the academic sector (4.5 percent versus 4.8 percent per 
year), reversing the trends observed between 1973 and 
1981. In contrast, Ph.D. scientist employment increased 
at an annual rate of more than 7 percent per year in 
industry between 1981 and 1985, but by only 3 percent 
per year in the academic sector. 

The sectoral shifts in S/E Ph.D. employment between 
1973 and 1985 were accompanied by a change in work 
activity patterns. During this period, for example, the 
proportion of doctoral scientists and engineers reporting 
teaching as then primary activity declined from 36 per- 
cent to 28 percent; this directly correlates to the shift to 
nonacademic employment. Mancigement also declined 
m relative importanct;, decreasing from 21 percent to 17 
percent. R&D activities remained stable, while a sharp 
mcrease occurred in activities related to such industrial 
applications as sales, production, and quality control. 



These activities accounted for 19 percent of the S/E doc- 
toral workforce in 1985, up from 9 percent in 1973. (See 
figure 3-17.) 

WOMEN IN SCIENCE AND ENGINEERING 

Although women have made substantial gains in sci- 
ence and engineering employment over the last decade, 
they remained underrepresented in the S/E workforce in 
1986. However, the 526,700 women scientists and engi- 
neers then employed represented about 13 percent of all 
scientists and engineers, up from 8 percent in 1976. On 
the other hand, women now constitute almost one-half 
of overall U.S. employment. These proportions reflect 
the fact that, historically, women's participation in pre- 
college science and mathematics courses and in under- 
graduate and graduate S/E education is below that of 
men. The underrepresentation of women varies between 
scientists and engineers: they accounted for almost 26 
percent of scientists, but only 4 percent of engineers in 
1986. 

Although there has been dramatic growth in the em- 
ployment of women scientists and engineers, they are 
still More likely than men to be both unemployed and 
underemployed. The unemployment rate for women sci- 
entists and engineers in 1986 '2.7 percent) was double the 
rate for men (1.3 percent). Women were also about three 
times as likely as men to report that they were under- 
employed (6 percent versus 2 percent); that is, working 
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part-time when full-time work is preferred, or working 
involuntarily in a non-S/E job. 

Regardless of field, women scientists and engineers 
are less likely than men to be employed in industry or in 
the Federal Government. They are, however, more likely 
than men to work in State and local governments, non- 
profit organizations, and academic institutions. Because 
of the more rapid increase in the employment of women, 
they are generally younger than their male colleagues 
and have fewer years of professional experience. In 1986, 
about three-fifths of the women and one-fourth of the 
men reported fewer than 10 years of professional 
experience.^ 

Years of experience may affect several labor market 
variables. For example, women scientists and engineers 
in industry are less likely than men to hold management 
positions; in academia, they are less likely than men to 
hold tenure or be in tenure-track positions. However, 
women hold assistant professorships and nonfaculty 
positions more than twice as often as men — this is about 
the same proportion as in 1977.'^ 

Women scientists and engineers also report salaries 
below those for men, with the smallest difference among 
those with less than 10 years' experience.'^ In fact, the 
average salaries earned by new S/E graduates are now 
about the same for both sexes in all fields.^ The lower 
average salaries of women scientists and engineers with 
more than 10 years' work experience presumably reflect 
fewer opportunities for advancement.^ 

Women's S/E participation varies considerably by field. 
For example, among scientists, women represented 42 
percent of all psychologists in 1986, but only about 13 
percent of physical and environmental scientists. (See 
figures 0-12 in Overview and 3-18.) 

Since the mid'1970's, however, the field distribution of 
employed women scientists and engineers has changed, 
reflecting differing growth patterns across S/E fields. The 
most notable changes were observed for computer spe- 
cialists, engineers, and social scientists. Between 1976 
and 1986, employment of women computer specialists 
increased more than sixfold (from 21,000 to 128,000); by 
1986, 24 percent of women scientists and engineers were 
computer specialists, up from 12 percent in 1976. The 
number of women in engineering quadrupled, growing 
at an average annual rate of almost 16 percent per year; 
moreover, the proportion of women in S/E who are engi- 
neers rose from 11 percent to almost 18 percent. During 
the 1976-86 period, employment of women social scien- 
tists increased by 65 percent, much less than the overall 
growth of women in all S/E fields. As a result of this slow 
growth, the proportion who were social scientists de- 
dined from 31 percent to 18 percent. (See figure 0-13 in 
Overv^^^w.) 

Employment of doctoral women more than tripled be- 
tween 1973 and 1985. The fields with the greatest relative 
growth of women doctorate holders were engineering — 
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^NSF (1988c). 
^Ve»er (1987), 
^NSF (1988c). 
^NSF (1988a). 
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Figure 3-18. 

Employed scientists, by field 
and gender: 1986 

Employment (thousands) 
0 , 100 200 300 400 



;^Soclal 
scfences 

Psychology^ 

' Ufe 
sciences' 

Enyfrpnmjental 
•sciences 

Computer* 
: speclaltiei 

Mathemaiics I 

Physical 
sbiences 




Seeappendoitabiea-I. 



Sdence & Englneerfng indicators - 1 987 



in which employment of women increased from 100 in 
19/'3 to 1,500 in 1985— and computer specialties — in 
which employment increased from 100 to 1,600 during 
the same period. Despite rapid growth in these fields, 
only about 5 to 6 percent of the women holding docto- 
rates were computer specialists or engmeers in 1985. 
More than 80 percent of the increase in the employment 
cf women doctoral scientists and engineers took place in 
three major fields: life sciences, social sciences, and psy- 
chology. The field distribution of women with docto- 
rates, however, did not change greatly over the 1973-85 
period: women were somewhat more likely to be social 
scientists or computer specialists and less likely to be 
mathematical or physical scientists in 1985 than in 1973 
(See figure 3-19.) 

Despite the continuing disparity in academic rank, 
salary levels, and unemployment rates, women scientists 
and engineers have made ir. .purtant strides in increasing 
their participation at every degree level and in every field 
and employment sector. Moreover, an increasing propor- 
tion of precollege women are taking high school courses 
in science and mathematics that are essential in electing 
to pursue a science career.^* 

The past 10 years have seen an esp'^cially dramatic 
increase in the number of women enrolling in and gradu- 
ating from engineering schools. In 1983, women repre- 
sented approximately one-fifth (17.0 percent) of the be- 
ginning engineering students nationally, as compared to 
4.6 percent in the early 1970's.-^' High school guidance 
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figure 3-19, 

Women doctorates in science arid 
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counselors today are n'uch more likely to suggest an 
engineering career for a female student; the most popular 
career guidance instrument— th^ Strong-Campbell Inter- 
est Inventory— now includes a.nong its career scales 
both male and female engineer scales. In addition, many 
colleges and universities sponsor programs to recruit 
talented female high school students for engineering 
careers.^^ 

MINORITIES IN SCIENCE AND ENGINEERING 

Over the last decade, minority groups in the United 
Spates have achieved substantial gains within the science 
and engineering workforce. The number of blacks, Asi- 
ans, Hispanics, and native Americans employed as scien- 
tists and engineers has more than doubled .^^ince 1976, 
increasing faster than white S/E employment (110 per- 
cent versus 82 percent). Ot the 363,000 minority scientists 
and engineers working in 1986, more than one-half 
(199,000) were Asian, while about 5 percent (18,700) were 
native American.'' Blacks and Hispanics^* represented 
about one-fourth (87,900 and 74,900) of the minority S/E 
workforce, respecti^'ely. (See figure 0-14 in Overview.) 



Blacks and Hispanics have historically been under- 
represented in the science and engineering workforce, 
while Asians have been strongly attracted to these ca- 
reers and native Americans have held a proportionate 
share. In 1986, blacks accounted for only 2.5 percent of 
employed scientists and engineers. In contrast, they rep- 
resented 10 percent of total U.S. employment and almost 
6 percent of those employed in the professional and 
related workforce. Asians, on the other hand, repre- 
sented less than 2 percent of the U.S. labor force, but 
almost 6 percent of all scientists and engineers. In the 
same year, Hispanics represented about 2.1 percent of 
employed scientists and engineers, while comprising 5.0 
percent of all employed persons. Native American scien- 
tists and engineers represented somewhat less than 1 
percent of totsl S/E employment; this was roughly equiv- 
alent to their participation in the overall U.S labor force. 

S/E field representation varied significantly among the 
racial/ethnic groups. Asians v/ere the least likely to be 
employed in the environmental and behavioral sciences, 
while blacks were generally more likely to work as social 
scientists and life scientists. The proportions who were 
engineers in 1986 ranged from 42 percent of the blacks to 
64 percent of the Asians. In comparison, 59 percent of the 
whites were engineers. Since 1976, blacks have moved 
away from engineering and toward the social sciences 
and computer specialties; among Asians, proportional 
increases have occurred in engineering and computer 
specialties. 

Black and native American scientists and engineers 
were as likely as whites (29 percent) to hold management 
positions in 1986; in contrast, Asians (22 percent) and 
Hispanics (26 percent) were less likely to report manage- 
ment or administration as their primary work activUy.'"^-^ 
For those employed in educational institutions,'' both 
blacks and Asians Vi^re less likely than whites to hold 
tenure or be in tenure-irack positions. Native Americans 
were more likely to hold tenure or be in tenure-track 
positions than were whites, and Hispanics were almost 
as likely as all scientists and engineers to hold tenure or 
be in tenure-track positions. 

Salari ;s earned by black and Hispanic scientrN and 
engineers in 1986,^ were, on average, below those 
earned by whites, Asians, and native Americans. While 
salaries for both Asians and native Americans were above 
those for their white colleagues in 1986, salaries for blacks 
averaged 81 percent of those for whites. Hispanics 
earn' d about 90 percent of the salaries paid across all 
racial/ethnic groups. 

Generally, minorities in S/E are more likely than white 
scientists and engineers to be unemployed and under- 
employed, and less likely to work in S/E jobs.^^For exam- 
ple, while the unemployment rate for whites in 1986 was 
1.5 percent, unemployment among blacL and Asian sci- 
entists and engineers averaged around 2.8 percent. Only 



^^Jagncinski, Linden, and Lebold (1985), p. 23. 
^NSF (1988c) 

**Includ(»s members of all racial groups. 



^'Percentages include scientists and engineers employed in non-S/E 
activities. 
^NSI- (1988c). 
^Ibid. 
^Ibid. 
*1bid. 
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2.4 percent of the Asians reported that they were under- 
employed in 1986, compared to 2.5 percent of the whites; 
however, 5.5 percent of the blacks reported under- 
employment. The proportions of employed scientists 
and engineers working in S/E fields ranged from 79 per- 
cent of the native Americans to 77 percent of the blacks 
and 88 percent of the Asians. 

While minority participation in the science and engi- 
neering workforce has risen steadily since 1976, in- 
creasingly greater numbers of S/E graduates from these 
groups may be required over the next decade.^** While the 
general college-age population is predicted to decline in 
the 1990's, the proportion of blacks, Hispanics, Asians, 
and native Americans in the 18- to 24-year-old age group 
is expected to increase. The role of minority groups in the 
S/E workforce could thus expand significantly. 

SUPPLY AND DEMAND FOR S/E PERSONNEL- 
LABOR MARKET INDICATORS 

Demographic statistics on S/E employment trends 
alone do not indicate whether the current supply is suffi- 
cient to meet the economy's needs. Recent concerns over 
shortages of engineers and computer specialists and 
about suitable job opportunities for some scientists sug- 
gest a potential maldistribution in the S/E labor market 
and a need for indicators to assess supply and demand 
conditions. Standard labor market indicators of supply 
and demand conditions include labor force participation 
and unemployment rates. The S/E utilization rate also 
helps in assessing both the market for science and engi- 
neering jobs and the extent to which those with S/E 
training are utilizing their skills. While no single statistic 
can provide a firm basis for measuring shortages or sur- 
pluses of scientists and engineers, some statistics— when 
analyzed together — allow a meaningful inference about 
the S/E labor market co)idition. 



Labor Force Participation Rates 

The S/E labor force includes scientists and engineers 
who are employed — either in or outside of science and 
engineering— and those vvho are unemployed but seek- 
ing employment. In 1986, approximately 95 percent of 
the S/E population were in the labor force, with scientists 
and engineers equally likely to be working or seeking 
employment. Participation rates were about equal tor 
men and women (95 percent versus 94 percent), with 
only a slight variation among major fields. 

Unemployment Rates 

A standard measure of labor market conditions is the 
unemployment rate, which measures the proportion of 
those in the workforce who are not employed but seeking 
work. In the last decade, scientists and engmeers have 
been steadily improving their labor market position, out- 
performing both the general labor force and all profes- 
sional and related workers. In 1976, the unemployment 



'Finkbeiner (1987), p. 17. 



rate for scientists and engineers was 3.0 percent com- 
pared to 3.2 percent for all professional and technical 
workers and 7.7 percent for the entire U.S. workforce. In 
1986, these rates had fallen to 2.0 percent and 7.2 percent 
foi all professional and technical workers and the total 
workforce. S/E unemployment fell at a faster rate, declin- 
ing to 1.5 percent in 1986. (See figure 3-20.) 

While almost all scientists and engineers who wanted 
jobs in 1986 were employed, the level of unemployment 
among the different S/E fields varied considerably. En- 
vironmental scientists posted the highest S/E unemploy- 
ment rate at 4.4 percent; computer specialists experi- 
enced the lowest rate at 0.8 percent. Of engineering 
occupations, petroleum engineers showed the highest 
unemployment rate at 3.4 percent. 

S/E Employment Rate 

The S/E employment rate measures the extent to which 
employed scientists or engineers have a job in science or 
engineering. Depending on the specific reasons for non- 
S/E employment, a low S/E employment rate could be an 
indicator of underutilization. Factors relating to non-S/E 
employment include lack of available S/E jobs, higher pay 
for non-S/E employment, location, or preference for a job 
outside of science or engi^f^ering. 

In 1986, the S/E employment rate wa^ 65 percent (down 
slightly from 91 percent in 1976), wUh the rate for engi- 
neers (92 percent) substantially above that for scientists 
(77 percent). S/E employment rates ranged within science 
fields from 61 percent in the social sciences and 78 per- 
cent in the computer specialties, to 87 percent in the 
environmental and physical sciences. The relatively low 
S/E employment rate for computer sper^alisls suggests 
that a substantial number may be applying their skills to 
commercial activities rather than to more traditional S/E 
activities such as research and development. 



S/E Underemployment 

Although unemployment rates of scientists and engi- 
neers are relatively low compared with rates for the gen- 
eral population, those who are employed may be 
underemployed. Working in a non-S/E job or working 
part-time may indicate underemployment, depending 
on the reasons for such employment. To help measure 
the extent of potential underemployment, the S/E under- 
employment rate was developed. This rate is defined as 
those who are involuntarily working in non-S/E jobs or 
involuntarily working part-time as a percent of total 
employment. 

The underemployment rate for scientists and eng 
neers in 1986 was 2.6 percent, with scientists much m 
likely than engineers to be underemployed (4.3 percent 
versus 1.0 percent). Among scientists, social scientists 
and psychologists (7.2 percent and 5.7 percent) are moru^ 
likely than physical scientists and computer specialists 
(1 9 percent and 2.5 percent) to be underemployed. Un- 
deremployment among engineers ranged from 0.4 per- 
cent for nuclear engineers to 2.0 percent for mining 
engineers. 
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S/E Undenitilization 

To derive a more comprehensive indicator of potential 
underutilizativon, figures for those who are unemployed 
and those who are underemployed may be combined 
and expressed as a percei \ of the labor force. In 1986, the 
derived underutilizalion rate for scientists and engineers 
was 4.1 percent. The rate for scientists (6.1 percent) was 
almost three times that for engineers (2.2 percent); 
among scientists, the highest underutilization rates were 
reported for environmental scientists and social scien- 
tists (roughly 10 percent each). Petroleum and chemical 
engineers posted the highest rates among engineering 
occupations, at about 5 percent each."*' (See figure 3-21.) 

Shortages of S/E Personnel 

Employer success in meeting staffing requirements is 
another direct indicator of S/E supply and demand labor 



market imbalances. In 1985, relatively few industrial em- 
ployers reported ^^ortages scientists and engineers. 
The only fields witu as mu Ji as 15 percent of their em- 
ployers reporting shortages were electronics engineer- 
ing, nuclear engineering, and electrical engineering.*^ 
This is in marked contrast to the labor market of 1981, 
when one-half or more of most engineering and com- 
puter specialties field employers reported shortages.*'^ 
Engineering schools in the U.S. have reported what 
may be considered si rious and persistent shortages of 
faculty. In 1986, almost 9 percent of authorized full-time 
engineering faculty positions were unfilled; moreover. 



^*The underuliliAilion rale as derived here is only a partial measure, 
since it does not lake into account the number of scienli*;ls and engi- 
neers who may have jobs requiring skills below those they actually 
possess. 

^^Market Facts, Inc. (1986), p. 3. 

«NSF (1982). 
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P9ure.3-21. 

S/E underutilizatioh rates by field: 1986 
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many institutions stated that the authorized levels would 
be higher if it were possible to fill such positions." Engi- 
neering faculty shortages are grounded in the long-term 
decline in engineering doctorates awarded to U.S. cit- 
izens (see the discussion below on the S/E pipeline) and 
increasing demand for engineering Ph.D. holders in the 
industrial sector. (See the previous section on 
doctorates.) 

Overview 

The employment indicators discussed above suggest 
that the labor market situation for scientists and engi- 
neers has been favorable. It can, for example, be inferred 
from the relatively high S/E particij-ation rates and low 
S/E unemployment rates that in 1986 there was generally 



sufficient demand to accommodate th S/E labor force. In 
addition, the low levels of shortages reported by indus- 
trial employers in 1985 would indicate that the S/E labor 
force is in general — with the single exception of engineer- 
ing Ph. D.'s— nearly sufficient to meet the economy's cur- 
rent demands. For now, there appears to be a rough 
balance betwern supply and demand for science and 
engineering personnel. 

The positive balance betveen supply and demand for 
S/E personnel has been accomplished, however, through 
meanr. other than new S/E graduates with fully appropri- 
ate trciining in their occupational fields. Substantial oc- 
cupational mobility (with attendant possible quality 
costd^*^) and increasing reliance on foreign-origin person- 
nel (native-born U.S. citizens declined from 90 percent of 
the S/E labor force in 1972 to 83 percent in 1982^^) have 



**NSP (1988b). 



^^Dnuff-nbach nnd Finn (1984). 
^NSP (1986a), p. 39. 
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been largely responsible for the supply/demand equi- 
librium in the science and engineering labor market. 

PROJECTED DEMAND 

Short-Tenn Outlook 

Overall 1986 labor market conditions for bcientibtb and 
engmeers indicate favorable job prospects for the re- 
mainder of the 1980's, however, recent events, a^ outlined 
below, may severely affect the number of anticipated 
employment opportunities in certain fields and 
industries. 

The drastic drop in the price of crude oil to under $10 a 
barrel in 1986— and the subsequent closing of numerous 
oil refineries and related production facilities—has had a 
profound effect on petroleum-related S/E employment 
In 1982, nearly 7,000 students at four major southwest 
universities — University of Oklahoma, Texas A&M Uni- 
versity, University of Texas, and Louisiana State Univer- 
sity — were pursuing studies in petrcieum engineering, 
geology, and geophysics. Since that time, however, the 
number of students majoring in these fields has declined 
annually.^' Professors at each school have expressed con- 
cern that the fall of 1986 will mirror the fall of 1982— and 
that, just as the supply of graduates in 1986 exceeds 
demand, too few will graduate in 1990 to meet what 
many experts predict will be heightened demand 4 years 
hence. ''^ 

Electrical/electronics graduates are also expected to ex- 
perience short-term difficulty in finding employment 
with high-tech companies/' Between 1985 and 1986, the 
electronics industry recorded a 3.4-pe .nt drop in total 
employment, representing a decline ot about 75,000 jobs 
during the year.*^^ Component companies, particularly 
hit hard in 1986, lost 33,000 jobs or 5.0 percent i)f their 
workforce, computer manufactuiers saw their employ 
ment ranks dwindle by 7.4 percent to 418,000. On the 
other end of the spectrum, however, the software/pro- 
gramming sector recorded sizable gains in ^'mployinent, 
up 20,500 jobs (a 10.4-percent increase) between 1985 and 
1986. 

Engineering students in 1987 were expected to find 
fewer jobs and less opportunity when they graduated. 
Between July 1986 and July 1987, the College Placement 
Council reported a significant drop in the number of 
offers to new bachelors degree recipients in engineer 
ing.*^^ In addition, a recent poll of 761 employers found a 
slight tapering off in overall demand. However, the out- 
look for computer science, mathematical science and 
electrical/electronics engineering graduates was still the 
highest in terms of supply/demand ratios."^- 



^^Commission on Professionals in Science and Technology (1986), 
p. 4. 
**lbid. 

^"American lileclronics A.ssocialion, as reported in Commission on 
Professionals in Science and Technology (1986), p. 5. 

**'U.S. Department of Labor, Bureati of Labor Statistics (1987), pp. 68, 
77, 203. 

'''College Placement Council Salary Purvey (1987). 
^^Shingleton and Scheetz (1986), p. 15. 



Lon^-Term Outlook 

Looking ahead to the year 2000, high-technology in- 
dustry growth and the increasing use of high-technology 
goods and services in the economy as a whole will lead to 
the increasing employment of Sv.ience, engineering, and 
technical personnel in industry. The Bureau of Labor 
Statistics (BLS) eslimates that the net increase in all new 
jobs (technical and nontechnical combined) created be- 
tween 1986 and 2000 will be in service-producing indus- 
tries. Goods-producing industries, in contra are pro- 
lected to show virtually no net change in overall 
employment levels, as proje:ted increases in con- 
struction will be offset by employment declines in mining 
and manufacturing. 

The computer and data processing industry is pro- 
jected to be the fastest growing of all industries in the 
economy, providing the greatest number of employ- 
ment opportunities for scie»^ ;e, engineering, and tech- 
nical personnel. Underlying this development are the 
continued shift toward contracting out various firm oper- 
ations and the growth in demand for computer software 
and other types of modern business services. Most of the 
growth within this industry is likely to occur in program- 
ming and software services. Tht 'nvestment boom in 
high-technology products such a^ computer-aided de 
sign/computer-aided manufacturing (CAD/CAM) and 
robotic production techniques projected to occur in the 
1990^*^ will require significant increases in new suf. are 
development, especially in high-level programming 
languages. 

While oveiall employment growth is expected to de- 
cline within the manufacturing sector through the end of 
the century, the changes in workforce composition that 
occurred over the previous decade are expected to con- 
tinue into the 1990's. Although projected to show only 
moderate employment increases, the computer produc- 
tion and semiconductor industries are nevertheless pre- 
dicted to be among the leaders in output growth through 
the 1990's, increasing at 7.4 and 5.8 percent"^ per year, 
respectively, compared to only 2.4 percent annually for 
GNP.*^" This expected growth will necessitate an in- 
creasingly greater emphasis on "knowledge" skills, with 
the proportion of labor-intensive workers continuing to 
decline. 

College and university faculty are expected to decline 
overall in the 1990's in response to an expected decrease 
in total college enrollments, this in turn will stem frcm a 
drop in th^. traditional college-age population. This de- 
cline, in addition to expected low retirements of curient 
faculty,''^ may adversely affect academic job prospects in 
the near future for scientists. Possible increases in the 
proportions of college students enrolling in science pro- 
grams could alleviate this situation. (See discussion on 
supply, below.) On the other hand, engineering faculty 



**^Silvestri and Lukasiewicz (1987). p. 47 

'**Per,sonick(1987), p. 39. 

'Mbid. 

""Ibid., p. 34. 
'^^Kutscher(1987). p. 4. 
^Finn (1986). 
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shortages have been persislenl, primarily because of a 
notable drop (compared to the I97()'s) in the number of 
American citizens who obtained Ph.D/s in engineering, 
and an increasing proportion of Ph.D. engineers opting 
for employment in private industry. 

The employment opportunities for scientists, engi- 
neers, and technicians are projected to increase substan- 
tially between 1986 and 2000, rising by approximately 3b 
percent, compared to 19 pc-rcent for all occupations. This 
growth will vary dramatically among fields, however; 
computer specialists are expected to experience the 
largest employment increase and drafters the smallest. 
(See table 3-1.) 



Table 3-1. Projected Increase In demand between 
1986 and 2000 for scientists, engineers and 
technicians (SE T's), by field 

. fifW Percent 

Total SET fields 36 

Total scientists 45 

Computer specialists 76 

Life [] 2 

Mathematical 29 

Physical 13 

Social 36 

Total engineers 32 

Aeronautical/astronautical 11 

Chemical 15 

Civil 25 

Electrical/electronics 48 

Industrial 3q 

Mechanical 33 

Other 24 

Total technicians 36 

Computer programmers 70 

Drafters 2 

Electrical/electronics 46 

Other engineering 26 

Physical, mathe matical and life sciences 15 

SOURCE: II.S. Department of Labor. Bureau of Labor Statistics. BLS 
Monthly Labor Review (September 1987). pp. 51-52 
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Engineering employment is expected to mcreabe 32 
percent between 1986 and 2000. Much of this increase 
w:ll occur among electrical/electronics engineers en- 
gaged in developing computers, communications equip- 
ment, and defense-relaled electronic equipment. Me- 
chanical and civil engineering employment are also 
expected to grow rapidly during this period. Mechanical 
engineers will be needed to keep product design and 
production methods up to date in support of industry's 
desire to remain competitive. Civil engineers will be 
needed for additional heavy conMruction. 

Among science occupations, employment of mathe- 
matical scientists is projected to grow by 29 percent be- 



tween 1986 and 2000, primarily because of increased sta- 
tistical work and mathemntical modeling. Chemists, on 
the other hand, are expected to increase by only 1 1 per- 
cent, reflecting the massive corporate restructuring of the 
chemicals industry in 1984-85. 

As stated above, the highest employment growth 
among all SIE occupations is projected to be in computer 
specialties. The continued expansion of computer and 
data processing-related services industries wiil be accom- 
panied by an increasingly greater demand for computer 
specialty skills; the number of computer specialists en- 
gaged in developing and operating computer based sys- 
^c-ms is projected to increase by 76 percent between 1986 
and 2000. 

S/K technicians are projected to increase 23 percent 
between 1986 and 2000 in direct correlation to the em- 
ployment trends of corresponding science and engineer- 
in;: occupations. (See table 3- 1 .) Computer programmers 
are expcxrted to increase by 70 percent during inis period, 
keeping pace with computer specialists. Mowever, dif- 
ferent rates of change are expect eH for the various other 
specialties, given the changing demographics of the col- 
lege-age population and other factors affecting employ- 
ment rate growth/decline within the education sector. 



S/E SUPPLY OUTLOOK 

The S/E Pipeline 

The flows of S/E workers in and out of the labor force 
generally ser\'c as equilibrating marketplace forces bring- 
ing su|. p\y and demand into balance. Such flows signal 
future supply conditions for use by persons making ca- 
reer plans, handling recruiting activities, planning aca- 
demic programs, or developing Federal policies on sci- 
ence and technology. There are three direct sources of 
flows into and out of the science and engineering work- 
force—new graduate entrants, occupational mobility, 
and separations from the labor force. The bulk of supply 
changes in the S/E labor market are formed by these 
movements. (See figure 3-22.) 

New Fjitrnnls, New S/E graduates at the bachelor's, 
piaster's, and doctorate degree levels provide the basic 
inflow into the science and engineering workforce. 
However, the number earning S/E degrees— especially at 
the undergraduate level— is not identical to the supply of 
new S/E workers. For instance, new S/E bachelors recip- 
ients may choose to pursue graduate education, which 
may be a prerequisite for empio) ment in some fields, 
rather than immediately enter the labor force. In addi- 
tion, some S/E baccalaureate*^ maj enter non-S/C occupa 
tions, may work part time while pu ing graduate 
education on a part-time basis. 

In 1986, about 20 percent . f recent S/E bacheloi's de- 
gree recipients were enrolled in fui! fime gradual;, stud- 
ies while an additional 1 1 percent were enrolled on a 
part-time basis; corresponding rates of 21 percent and 9 
percent were observed among masters degree recip- 



''Anionc.in Choniical Sofiolv (lOHo), p. 23, 
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xenlsJ* Analysis by field showb that labor force demand 
inversely affected graduate school enrollment rates. For 
example, relatively low full-time enrollment rates of 5 
percent to 17 percent were observed in such high-de- 
mand fields as engineering; mathematics, and computer 
science; rates of 21 percent to 39 percent were observed in 
fields showing lower demand, such as the socijl sciences 
and physical sciences. 

Occufmtioml Mobiliti/, Experienced workers constitute 
the second category of personnel affecting overall 
S/E supply. These workers provide a short-term flexi- 
bility to the S/E supply system that cannot be met 
through recent college graduates. The mobility of these 
workers is determined primarily by job opportunities 
across various occupations as well as by occupation- 
specific characteristics. 

The ability of the S/E labor market to respond to unan- 
ticipated surges in demand was severely tested over the 
last decade by the semiconductor and computer indus- 
tries. The initial increase in requirements for people 
trained in engineering and computer science far exceed- 
ed the expected number of new graduates in these fields. 
For a short-term remedy, employers relied on the suc- 
cessful importation of scientific and technical talent from 
related fields.^* The long-term response to the con tinuiiig 
demand has been increased employer training of current 
engineering^^ind computer personnel as well as a rise in 
the number of new S/E graduates in these fields. 



^''NSP (1988a). 

"'U.S. Congress, Office of Technology Asscshmonl (1985), p 6 
'^Daijffenbach and Finn (1984). 



Scpmntiotii>. The available supply of ST personnel is 
reduced by deaths and retirements While separation 
rates depend partiall) on age distribution and life cxpec 
tanL), potentiallv more immediate and significant effect*^ 
on attrition could come from ehcMi^cs in the length of 
time people choose to remain in the S/E labor force. Such 
economic conditions as rising inflation rates (affecting a 
pension s purchasing power) and the abolishment of 
compulsory retirement policies are only two of the fac- 
tors that coi.ld lead to postponing retirement. It is diffi- 
cult to assess the net effect of these factors on future S'E 
separation rates. 

Outlook 

In the 1990's, changing demographics may impose re- 
strainlo on the suppi) of new I) trained scientists and 
engineers. The smaller birth cohorts of the early 1970'*^ 
will definitely reduce the size of the traditional college- 
age population and could possibly reduce college enroll- 
ments. In fact, with the population of 18- to 24-ycar-olds 
expected to decline by 23 percent oetween 1980 and 
1995'" (see figure 3-23) college enrollments could de- 
crease by as much as 12 to 16 percent by 1995 Addi- 
tionally, the first waves of the baby boom population that 
entered the labor force in the 1960's will begin to retire 
These two combined forces may hinder workforce ability 
to meet demand increased over the next decade. 

On the other hand, a declining college-age population 
does not necessarily mean a corresponding decline in the 



'^^KutsdK'r(I987), p. 4. 

"*National Rc>eaKli CiuiiKil, Ciimni»hhii»n i»f Human RcMiureCh 
(1979), pp. 12-1,^ and Uowcn (I98I), pp. 1 1- 13. 



Figure 3-23. 

13-24 year olds in the U.S. population, 1950-2010 
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number of new S/E entrants lo the labor force. Th^ onr 
mcnl gap may be filled lo a certain extent by increa.> 
participation of older students and foreigners; ^^-^ny or 
these latter remain in the U.S. to work. Also, small sl\\<[s 
in the percentages of students choos'ng lo tiain in S/E 
fields and of graduates who choose to enter S/E employ- 
ment fields could change limited supplies of new en- 
trants into considerably larger numbers; these shifts 
would thus eliminate labor market shortages of scientists 
and engineers.'^*^ Similar upward adjustments in the pro- 
portion of college students enrolling in science and engi- 
neering could also affect the demand for S/E doctorate 
holders to fill faculty positions. 

The magnitude of these possible adjustments is uncer- 
tain. I^st experience would indicate that the labor mar- 
kets have sufficient flexibility to respond, however, f\>r- 
ward projections are much more problematic. For 
example, although it is kn^ •vn that old., students are a 
rising Proportion of all undergraduates, it is uncertain 
how many of them will enter S/E employment fields. 
Also, while it is believed that adjustments in enrollment 
patterns will be made in response to a growing demand 
for S/E graduates, it is notclear that such adjustments will 
be sufficient to provide an adequate supply. 

There are other adjustments that could occur. Labor 
force mobility is particularly important in tight market 
situations where both newly trained S/E entrants and 
experienced S/E personnel may be induced to leave their 
current fields of specialization and transfer into higher 
demand fields. (This is what occurred to satisfy the very 
highgrtnvth in demand for computer specialists.) There 
may also be delays in S/E worker retirements in response 
to needs for their services; this has been the case in past 
serious engineering shortages. Employers may also 
provide training and upgrading of technician personnel. 

Wide.spread postponement of retirements and promo- 
lion of technicians into professional positions could, 
however, adversely affect the quality and caliber of the 
S/E workforce. In acadeniin, the "graying" of faculty and 
the inability of universities r,nd colleges to recruit and 
hire new Ph.D. graduates may combine to create a less 
productive and non-research-orientcd scientific academ- 
ic community/^' In industry, employer-trained techni- 
cians placed in professional positions will not provide the 
same degree of technical ability or occupational mobility 
as academically trained S/E personnel/'^ 

INTERNATIONAL EMPLOYMENT OF SCIENTISTS 
AND ENGINEERS 

The employment of scientists and engineers is a sig- 
nificant indicator of the level of effort and relative national 
priorities for science and technology among major indus- 
trial countries. While there are always problems of inter- 
national comparability given differences in data collec- 
tion methods and data estimation, these employment 



data provide meaningful insight into the relative 
strengths of the S/E workforces of the United Stales and 
other countries. 

In the early 1980's, tne number of nonacadeh:ic scien- 
tists and engineers employed in the U.S. was about equal 
to the combined total of those in France, West Germany, 
Japan, and the United Kingdom. This result was not 
unexpected, however, because the total U.S. population 
is about the same as that of the other countries combined. 
When the number of scientists and engineers as a pro- 
portion of the total labor force is examined for e-xh coun- 
try, however, the outcome is somewhat different. Here, 
the L!iuted Kingdom, Japan and the United States em- 
ployed almost the same percentage of scientists and engi- 
neers, with the United States employing slijMitly more 
than the others. (See figure 3-24.) 

In all countries examined, service industries employed 
the largest proportion of scientists, while manufacturing 
industries predominated among employers of engineers" 

In the United States and Japan, one-quarter of the 
scientists and engineers employed in manufacturing in- 
dustries in the early 198()'s were electrical/electronics en- 
gineers. Manufacturing industries in West Germany and 
France employed relatively more civil engineers than in 
the other countries, while the United Kingdom em- 
ployed a relatively jjreater proportion of natural scien- 
tists. Japan liad a much higher proportion of its scientists 
and engineers employed in service and construction uv 
dustries^ while U.S. scientists and engineers were more 
evenly divided between manufacturing/mining indus- 



Figure 3-24. 

Non-academic scientists and engineers per 10,000 
total tabor force, for selected coiihtries, by gender 
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trios and service industries. In Franco, a very high per- 
centage of S/E's worked in the government sector (See 
figures 3-25 and 3-26.) 

The United States has the largest number- both in 
absolute temis and as a proportion of the labor force— of 
scientists and engineers working in R&D of any country 
except the Soviet Union. (See figures 3-27 and 0-7 in 
Overview.) Other countries have, however, been closing 
the gap and now have concentrations of R&D scientists 
and engineers approximating that of the United States. In 
1985, Japan's ratio per 10,000 (63.2) was very close to that 
of the U.S. (67.4). . ^ 

The United States was second to the United Kingdom 
in the number of scientists per 10,000 total labor force (101 
versus 113 per 10,000) and third tc> West Germany in the 
number of engineers per 10,000 labor force (175 versus 
194 per 10,GD0) in the mid-1980's. However, the U.S. 
ranked first among the countries compared in both the 
ratio of scientists and of engineers with university de- 
grces.^^ In West Germany, most engineers have qualifica- 
tions from technical colleges.'^'* Of the reported S/E's in 
the United Kingdom, less than one-half has a university 
degree. Nonetheless, some of these countries may have 
stronger training in science and mathematics at the pre- 
college level than has the U.S. 

The United Kingdom, France, and West Germany all 
had greater concentration of first university degrees in 
the natural sciences in 1984/85 than did the United States 
(See figure 0-8 in Overview.) In absolute numbers, 
however, there were more U.S. degree recipients. In 
1982, Japan graduated more engineers at the bachelor's 
degree level than did the U.S., by 1985, however, the 
number c U.S. engineering graduates was 9 percent 
greater because of an increase in the number of U S 
graduates and a decline in Japanese enginet ring degrt^es 
The U.S. awards more than twice the number of engi- 
neering doctoral degrees and almost 10 times the number 
of natural science doctorates than does Japan. 

The age of a country's S/E labor force can be an indica- 
tor of training recency and future capabilities. On aver- 
age, women scientists and engineers were younger than 
their male counterparts in all countries. Japan had t'ne 
youngest scientists and engineers of all five countnes. In 
1985, almost 50 percent of Japanese nonacademic scien- 
tists and engineers were under 35 years ola. and only 7 
percent were 55 or older. This supports recent observa- 
tions on the high output of the Japanese educational 
system ' Scientists and engineers, on average, had a high- 
er medh-ncge in France than in the other countries. (See 
figure 3-28«) 

When all five countries were compared, .he vast major- 
ity of engineers were men, with the small proportion of 
females slowly increasing. Science occupations were also 
predominantly male, but with a larger percentage of 



'■''Way and Jamison (1986), p. 2. 

'''For purpo.ses ot comparability, only engineers with university de- 
grecsare used. West German engineers trnineJ in professional colleges 
generally have received mure specialized and technicallv intensive 
training, while university degree recipients have received broader and 
more academic engineering training. 



Figure 3-25. 

DistribuUn of scientists and engineers 
in manufacturing for sejec'^d countries, 
by occupatjon group ^ 
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women represented. The United States and the United 
Kingdom had the be«t records for utilizing female scien- 
tists and engineers; only 6 percent of scientists and engi- 
neers in West Gemiany were women, and nearly one- 
half of these were social scientists. In Japan, engineers 



outnumbered scientists by almost 4 to 1. Women com- 
prised only 5 percent of Japan's scientists and engineers; 
nearly one-half of these were computer specialists. In the 
United Kingdom, 4 out of 10 male scientists and engi- 
neers were industrial or mechanical engineers, the same 
proportion as in West Germany. 



Figure 3-27. 

Scientists and engineers engaged in R&D for 
selecied^countries 
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Figure 3-28. 

Distribution of scientists and engineers 
for selected countries, by age grou^ 
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Resources for R&D and Basic Research 



HIGHLIGHTS 



• Shxm;^ recent j^rowtlt in U.S. research and developweut 
(R&D) spendiufi has kept it ahead of that of other Western 
industrialized uatious. The U.S. spends more on R&D 
than tho next four largest Western industrialized coun- 
tries combined and devotes the highest percentage of 
its gross national product (GNP) to R&D(2.8 percent in 
1987, the highest rate since 1968). Federal spending on 
defense R&D is the biggest component of recent 
growth. (See p. 77.) 

• Ifoitli/ uoudefcnse R&D spending is considered, West Ger- 
many and japan have outpaced U.S. R&D spending for 15 
i/ears, and their rates of investment in civilian R&D as a 
percentage of GNP have been rising faste/ than the 
U.S. rate for the past 5 years. (See p. 77.) 

• Over the past decade, U.S. expenditmes for both total 2&D 
and basic research have grown faster than GNP. lotal R&D 
grew by 5.9 percent between 1985 and 1986, basic 
research by 5.4 percent in constant dollars. (See pp. 2, 
77,241.) 

• Federal agencies provided 63 percent of the total support for 
academic R&D in 1987, down from 68 percent in 1980. 
Industry support for academic R&D grew from 4 per- 
cent in 1980 to 6 percent in 1987. (See p 78.) 



• The Nation is currently experiencing an upsurge of capital 
spending for academic science and engineering (SIE), al- 
though the long-term trend in constant' dollars is 
down. In 1985, Federal sources provided 11 percent of 
the total support lor academic capital facilities for sci- 
ence and engineering— their lowest percentage for 
more than 2 decades. State Governments provided 40 
percent of the support for new construction of capital 
facilities in 1985-86, and funds from tax-exempt bonds 
contributed another 30 percent. (See p. 80.) 

• Current fund expenditures for research equipment at univer- 
sities and colleges rose by 1 7 percent betiveen 1985 and 1986. 
From 1980 to 1986, expenditures in this area more than 
doubled. Funds from all sources grew at approx- 
imately the same rate; Federal funds, however, were 
especially important in computer science. (See p. 82.) 

• The number of supcrcomputing facilities in the U.S. more 
than doubled betzveen 1983 and 1985. University installa- 
tions increased from 3 to 14 centers, and industry 
added 30 centers to more than double its supercom- 
puting resources. (See p. 85.) 



Previous chapters have described how the people who 
conlribulo to science and technology in the United Stales 
are recruited and trained. This chapter describes the 
resources— including funding support— that these per- 
sons rely on in their research and clevelopnenl activities. 

This discussion particularly focuses on a portion of the 
overall R&D effort which recently has been receiving 
special attention: academic R&D and nonncademic basic 
research. These two coinplemenlarv activities are in- 
creasingly viewed as critical to nalionaJ R&D strategy, 
because together they form a crucible for exchanging new 
ideas and information produced through research. 

hi the academic onlexi, basicand applied research, as 
well as the small amount ol development activity, are lied 
closely to the growth of disciplinary knowledge. The 
results of academic R&D generally are published in the 
open lileralurt , thereby adding lo'public knowledge. On 
the other hand, basic research in industry, nonprofit 
institutions, and government laboratories is more fre- 
quently directed to specific, practical goals rather than to 
disciplinary knowledge growlii Researchers from these 
insljlulions <ilso p/irlicipale in an open exchange of infor- 
mation, however, contributing their ovv-^n lundamenlal 



advances and drawing on those coming from the aca- 
demic vvorld. The inl^raclion between academic and non- 
academic researchers is a crucial process in effeclivelv 
using new science and engineering knowledge to meet 
national goals. 

While academic R&D and nonacademic basic research 
are not exactly the same kind of activities, they ha\e 
enough in common— and are important enough to inno- 
vation in the national research system— to discuss them 
together at length. 

I he capital slock of science and engineering is another 
feature of the research system which has received in- 
creasing attention as an element of R&D strategy Data on 
investment in RSiD plant and research instrumentation at 
universities aiul colleges are presented herein, along 
with survey results on their condition. Thesi/eand costs 
of some special .esearch resources, including supercom- 
puters and data archives, are then reviewed. 

Interaction between academic and nonacademic re- 
searchers is covered in diapler 3, "Academic R&D and 
Ba.">ic Research: Patterns of Performance"; industrial R&D 
is discussed in chapter 6, "Industrial Research and lech- 
nological Innovation." 
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R&D FUNDING 

The strong recent growth in U.S. R&D spending, 
which has kept it well within competitive range of that of 
other industrialized nations, is largely the result of 
Federal investment in defense development efforts. 
These efforts accounted for S19 billion of the $56-billion 
increase in R&D spending between 1980 and 1986, Indus- 
try, on the other hand, has stepped up its funding of basic 
research and university R&D; however, the vast majority 
of its funding continues to support in-house 
development. 

international Comparisons 

ThL U.S. makes by far the largest investments in R&D 
of any Western country. (See figure 0-1 in Overview and 
appendix table 4-1.) Indeed, the U.S. spends more on 
R&D than the next four countries combined. Recent 
growth rates show, mori^over, that the U S. generally is 
keeping up with its competitors in R^D spending 
growth. Betwee.i 1980 and 1985, R&D spending in- 
creased by 36 percent m West Germany, 69 percent in 
Japan, and 204 percent in France, as compared with 74 
percent in the U.S. (See appendix table 4-2.) 

R&D Finidhig as a Percent of GNP. The U.S. now invests 
approximately the same proportion of its GNP in re- 
search and development as do the other major noncom- 
munist industrialized countries. In nearly all of these 
nations, R&D spending Las been growing faster than 
GNP. In recent years, R&D spending in Japan and West 
Germany has nearly matched R&D spending in the U.S. 
as a percentage of GNP (See figure 0-2 in Overview and 
appendix table 4-2.) The recent increase in this propor- 
tion has been most dramatic in Japan, where the share 
went from 2.2 percent in 1980 to 2.8 percent in 1985. this 
represents a relative mcrease of 30 percent. In France, the 
relative increase was 23 percent; in the U.S., 19 percent. 

The data in figure 0-2 in Overview show that other 
nations recently have caught up with the U.S. in R&D 
investments as a percentage of GNP. The nature of these 
investments must be taken into account, however If only 
nondefense R&D is considered. West Germany and Ja- 
pan have been ahead of the U.S. in R&D spending for 15 
years, and their rate of civilian R&D investment as a 
percentage of GNP has been rising faster than that of the 
U.S. for the past j years. (See figure 0-3 in Overview and 
appendix table 4-3.) In the nondefense area, France has 
been catching up to U.S. levels, especi?Uy in the 1980's, 
while the United Kingdom has been falling behind 

Funding Sources, The share of R&D funding in the U.S 
from business sources is smaller than in Japan or West 
Germany, but larger than in the U.K. or France, (See 
figure 0-4 in Overview an J appendix table 4-1.) In the 
Unit»:d Stutes, .longovernment sources provided 51 per- 
cent of R&D fui,ds in 1986, of which nearly 48 percent 
were provided by industry There has been a higher 
proportion of industrial R&D funding in all countries but 
France, where government R&D funding has shown 
very sharp growth in the early 1980's. In Japan, Ihe-trend 
in increased industry spending is most pronounced since 
1979. In West Germany, there has been a steady increase 



in the industrial sl)are since 1975. Finally, in the United 
States, a strong upward trend in the 1970's in industry 
R&D fundmg appears to have slowed in the 1980's. 

Performers 

Industry remains the largest performer of R&D in the 
United States, as well as the fastest growing one. (See 
appendix table 4-4.) In 1986, industry spent 73 percent of 
U.S. R&D funds, up from 71 percent in 1980. Nearly two- 
thirds of the funds spent on industry research and de- 
velopment came frc a industrial sources, and a litiie 
more than one-third trom the Federal Government. (See 
appendix table 4-5; a more detailed discussion of indus- 
trial R&D funding appears in chapter 6, "Industrial Re- 
search and lechnological Innovation.") 

I 1986, 12 pciceiit of U.S. R&D funds were spent in 
Federal laboratorii another 12 percent were spent in 
universities and colleges and in Federally funded re- 
search and development centers (FFRDC's) run by uni- 
versities. Nonprofit institutions also draw their research 
and development f^^nding support from more than one 
source: about 70 pcTcent of the funding, however, are 
*iStimated to come from the Federal Government. (Fund- 
ing sources for academic R&D are discussed later in this 
chapter.) 

Character of Work 

In the 1980's, support tor development has grown at a 
faster rate than has support for either basic or applied 
research. (See figure O 5 in Overview and appendix table 
4-6.) This trend is confined, howevirr, to Federal defense 
R&D spending. (See figure 0-6 in Overview and appen- 
dix table 4-37.) Federal defense funds for development- 
totaling $37 billion in 1987— have ntore than tripled since 
1980, while Federal nondeftnst development spend- 
ing— $5 billion in 1987--shr^.nk by 18 percent. 

For the same period in industry, growth in develop- 
ment spending lagged behind growth in support for 
oasic and applied lesearch.^ Basic research made up 5 
percent of industry R&D funds in 1986, while applied 
research was 23 percent. Despite its rapid growth rate 
throughout the 1980's, industry support for university 
R&D remains a tiny shire (1 percent) of total industiy 
R&D spe? Jing. (See following discussion on funding for 
academic R&D.) 

Basic research, applied research, and development are 
p'^rformed to varying degrees in all the Nation's research 
institutions. (See figure 0-23 in Overview and appendix 
table 4-7.) Industry dominates development activities: in 
1985, industrial firms spent $59 billion of the ?i71 billion 
spent on dev Jopment. Outside of industry, F Jeral Gov- 
ernment laboratories accounted for nearly $8 billion in 
development expenditures in 1985, FFRDC's spent just 
over $3 billii5n. In applied research, industry is again the 
largest performer, accounting for $15 billion (65 percent) 
of the S>23 billion spent on applied research in 1985. Both 
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Federal Government laboratories and universities and 
colleges also participate to a significant degree in applied 
research, spending $3.1 billion (13 percent) and $2.6 bil- 
lion (11 percent), respectively. The largest share of basic 
research is done by universities and colleges (48 percent 
in 1985); industry is the second largest pc rformer in this, 
at 20 percent in 1985. 



FUNDING FOR BASIC RESEARCH AND 
ACADEMIC R&D 

Between 1975 and 1987, academic R&D expenditures 
remained stable at about 9 percent of R&D spending. 
Nonacademic basic research s '>ending also stayed flat at 
about 6.5 percent. (See figure 4-1.) Similarly, applied 
research spending outside universities and colleges was 
also relatively stable, at slightly »ess than 20 percent of 
R&D. (See appendix table 4-9,) 



Figure 4-1. 

Academic R&D and nonacademic basic research 
us a percent of total R&D 
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Funds for Academic R&D 

Sources of Support. Universities', and colleges remained 
largely dependent on the Federal Government for R&D 
support in 1985, although funoing from industry and 
institutional sources has been rising. (See appendix table 
4-10.) In 1987, the Federal Government was estimated to 
have provided 63 percent of total R&D funding for uni- 
versities and colleges. This was down from 68 percent in 
1980, bringing the Federal Government to its lowest 
share of support since 1960. In contrast, institutional 
funds reached their highest proportional share since 



these data vvre tu st collected in 1953.- Institu tional funds 
covered 17 percent of the costs of separately budgeted 
research in 1986, as compared with 14 percent in 1980.' 

Industry support is estimated to have increased in 1987 
to 6 percent, this was up from 4 percent in 1980, Industry 
funding was the fastest growing segment of university 
research support between 1980 and 1985, expanding by 
75 percent in constant dollars. (See appendix table 4-10 
and figure 0-31 in Overview.) Philanthropic contribu- 
tions earma rked for research are estimated to have grown 
85 percent (in current dollars) during that time.*' 

Among Federal agencies, the National Institutes of 
Health (NJH) obligated the largest amount for academic 
R&D— estimated at $2.8 billion in 1987. (See rppendix 
table 4-11.) According to the estimated funding figures 
for 1987 (see appendix table 4-11), the National Science 
Foundation (NSF) relinquished its long-held second 
place in support of academic R&D to the Department of 
Defense (DoD). In 1987, NSF obiigated $1,1 billion for this 
purpose, and DoD $1.2 billion, thus recreafing the rela- 
tive rank order that existed prior to 1970. 

Forms of S* pport. Although the Federal Government's 
share of academic re^^earch support has remained rela- 
tively stable over the past 2 decades, the form of this 
support has not.*^ (See figure 4-2,) For example, in 1966, 
42 percent of F 'deral obligations to universities and col- 
leges for R&D were designated for fellowships, train- 
eeships, training grants, R&D plant, and general support 
for S/E activities (labeled "infrastructure" in the figure). 
By 1985, Federal support in these categories had decl;ned 
to a combined 12 percent. At the same time, funding of 
research projects grew from 58 percent to 88 percent of 
the total. Also between 1966 and 1985, the indirect cost 
share of total Federal obligations for academic K&D in- 
creased from about 7 percent to about 28 percent. (See 
figure 4-2.) 

Proposal Acfivity 

Recent survey data comparing proposal activity in 1986 
to that in 1980 reflects the growing significance of spon- 
sored research for academic faculty members.^ Increases 
in both proposals submitted and proposals funded out- 
stripped faculty growth. Excluding the social sciences, 
proposal submissions increased at rates ranging from 110 
percent in computer science to 4 percent in geosciencej. 
Although the number of proposals awarded increased in 
1986, the proportion funded (excluding pending submis- 
sions) was down from 1980 in most fields. Nonetheless, 
the growth in funded proposals exceeded the increase in 



^he category "inslilulional funds" includes unrecovered indirect 
costs on externally sponsored research. 

Separately budgeted resetirth is spetifiLdlly organised tu prodsce 
research products nnd is sponsored by an agency either external to the 
university or separately budgeted by an organizational unit within the 
institution. 

^Personal communication from Hayden Smith, Council for Financial 
Aid to Education. 

'U.S. General Accounting Office (1986), p. 40. 

'The survey collected 'ntormation on full- and part-time faculty from 
2,070 departments in 21 fields at 181 doctorate-granting institution». 
See National Science Foundation (1987c). 
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faculty in most fields; therefore, the average ratios of 
funded proposals to full-time faculty were up in 1986. 

In the three social sciences fields covered by the survey, 
both proposal submissions and the number of funded 
proposals were down in 1986. However, submissions 
dropped more than did landed propo.sals: success rates 
thus were higher in social science fields. As in the other 
fields, the ratios of funded proposals to full-time faculty 
were up in 1986. 

Funds for Nonacademic Basic Research 

The Federal Government was also the main source of 
support for nonacademi'^ basic research; this included 
the FFRDCs run by universities, industry, and nonprofit 
organizations. (See appendix table 4-13.) In 1985, 64 per- 
cent of the total funding for nonacademic basic research 
came from Federal sources, while 33 percent were 
provided by industry. 

FFRDCs and Federal Intramural Laboratories. The Depart- 
ment of Energy (DOE) provided the bulk of the basic 
research obligations to FFRDCs. (See appendix table 
4-14.) DOE spent an estimated $744 million on these in 
1987—82 percent of total FFRDC support. The National 
Science Foundation obligated $92 million (10 percent). 

Federal intramural basic research is concentrated in a 
somewhat different set of agencies: NIH (which spent an 
estimated $700 million ii 1987, or 32 percent of the total). 
National Aeronautics and Space Administration (NASA) 
(19 percent), the Department of Defense (12 percent), and 



the Department of Agriculture (14 percent)/ (Sec appen- 
dix table 4-15.) Basic research funding from all of these 
dgencies for both FFRDCs and government laboratories 
increased by about 34 percent from 1980 to 1987 in con- 
stant 1982 dollars. 

Industrial Basic Research. Support for basic research in 
industry largely comes from companies' own funds: in 
1987, 80 percent of basic research expenditures were esti- 
mated to have come from companies' own financial re- 
sources. (See appendix table 4-16.) The non-Federal 
share has been fairly constant for the past 2 decades. 
Nearly 60 percent of the 1987 Federal obligations for 
industrial basic research came from NASA. (See appen- 
dix table 4-17.) DoD was the second largest contributor 
with 23 percent. Two industries— electrical equipment 
and aircraft and missiles— reTeived most of the Federal 
funds.^ 

Funding by Fields of Science and Engineering 

Federal basic research obligations provide the best in- 
dicator of overall spending by S/E field, since in formation 
on non-Federal spending is not available by field for all 
performing sectors. 

In 1987, an estimated 12 percent of Federal basic re- 
search funds went to engineering and 88 percent to sci- 
ence. (See appendix table 4-18.) Federal support for engi- 
neering has grown somewhat faster than has support for 
science over the past decade, increasing between 1976 
aud 1986 by 92 percent in constant 1982 dollars versus 56 
percent for the sciences. Between 1985 and 1986, obliga- 
tions for basic engineering research increased 6 percent 
in constant dollars, as compared with less than 1 percent 
for the sciences. 

The life sciences received an estimated 47 percent of 
the science and engineering total in 1987, followed by the 
physical sciences «l 24 percent. (See appendix table 4-18.) 
Among the sciences, mathematics and computer science 
grew most quickly; both increased by 94 percent in con- 
stant dollars over the past decade. More recently, 
however, psychology and the social sciences experienced 
the most rapid growth, increasing in constant dollars by 
an estimated 10 percent and 13 percent, respectively, 
between 1986 and 1987. 

Universities and Colleges. In 1986, 85 percent of academic 
R&D spending was in science; the remaining 15 percent 
was spent on engineering. (See appendix table 4-19.) 
Over the last decade, expenditures for engineering R&D 
in the acader^^c sector have been growing faster than has 
spending for KccD in the sciences. Engineering spending 
increased by 106 percent between 1976 and 1986 in con- 
stant dollars, as compared with a growth of 53 percent in 
the sciences. (See figure 0-24 in Overview and appendix 
table 4-19.) 

Slightly more than one-half (54 percent) of academic 
R&D spending went to the life sciences. Of this amount, 
24 percent went to the medical sciences 17 percent to the 



nrhese numbers should be taken as approximate, smce the obliga- 
tions figures for intramural research alsu include agency e>penditures 
for managing extramural research programs 

♦♦National Science Foundation (198: table p 19 
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biological sciences, and 10 percent to the agricultural 
sciences. (See appendix table 4-19.) Twelve percent of 
total academic R&D spending supported the physical 
sciences; this included 6 percent for physics and 4 per- 
cent for chemistry. Another 7 percent went to the en- 
vironmental sciences. 

Some of the smaller sciences have been the fastest 
growing over the past decade. Spending for R&D in 
computer science, for instance, increased by 292 percent 
from 1976 to 1986 in constant dollar<=. Increases in phys- 
ics, astronomy, and mathematics funding all exceeded 
inflation by 70 percent or more. On the other hand, 
funding for the social sciences grew only 16 percent over 
the decade— slower than the inflation rate during the 
same period. 

Although 62 percent of academic R&D expenditures 
came from Federal funds in 1986, the percentages by field 
ranged from a high of 82 percent in physics to a low of 29 
percent in the agricultural sciences. (See appendix table 
4-20.) The social sciences have the highest share of non- 
Federal funding (64 percent), and the physical sciences 
the lowest (23 percent). About equal proportions of aca- 
demic science and academic engineering funds come 
from the Federal Government. 

ludustri/, Basic research expenditures in industry are 
distributed somewhat differently among fields than in 
university R&D:^ notably, in industry, engineering and 
the physical sciences receive more emphasis and the life 
sciences less. In 1983, engineering research received 32 
percent of total industrial basic research funds; this was 
more than twice the share of engineering in university 
R&D. (See appendix table 4-21.) Similarly, chemistry re- 
ceived 26 percent of industrial spending (43 percent went 
to the physical sciences as a whole), as co npared with 
only 4 percent of university spending (12 percent for all 
physical sciences). On the other hand, the life sciences 
consumed only 13 percent of industrial basic research 
spending, versus 54 percent of academic R&D funding. 

From 1973 to 1983, basic reseai h spending in industry 
more than tripled .n current dollars— a 59-percent 
gro-vth in constant dollars. (See appendix table 4-21.) 
Basic research activities grew at similar rates across most 
S/E fields, with somewhat more rapid growth occurring 
in the relatively small areas of the geological and at- 
mospheric sciences. Basic research in engineering and 
the biological sciences \/ere also expanding rapidly, 
growing 35 percent and 39 percent, respectively, between 
1981 and 1983 in constant dollars. 



PLANT AND EQUIPMENT 

The plant and equipment available for use at research- 
performing institutions are another major R&D resource. 
Unfortunately, information on this aspect of the research 
infi ^structure is fragmentary: estimates of the national 
stock of research facilities and instrumentation are avail- 
able only for universities, and the data on R&D plan^ 
spending are more complete for universities than for 
other sectors. Given this lack of comprehensive data, this 



''Dala on basic research by field tire nol available for universities. 
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section reports exclusively on universities' aggregate re- 
search capital stock. 

There are several discernible trends in R&D capital 
stock. First, capital investment in science and engineer- 
ing is cyclical. Although the long-term trend in constant 
dollars has been downward over the last 2 decades, the 
Nation is currently in an upsurge of capital spending for 
academic s cience and engineering, v.ith engineering re- 
ceiving the largest percentage increases. In response to 
widespread concern over research instrumentation, 
equipment expenditures have been expanding rapidly in 
the 1980's. Further, special Federal instrumentation pro- 
grams are helping to ensure that new instrumentation is 
accessible to more than the major research universities. 
Finally, instrument intensity varies among the sciences, 
but is not necessarily connected to the trend toward 
shared-access research facilities or to collaboration rates. 

Facilities Spending" 

Since the 1960's, Federally funded capital S/E expen- 
ditures at universities and colleges have been declining in 
constant dollars, and fluctuating in current-dollar terms. 
(See figure 0-25 in Overview and appendix table 4-22.) 
For example, in 1966, Federal support for academic sci- 
ence and engineering facilities reached its highest pro- 
portional share (32 percent); in 1985, it was at its lowest 
point ever (11 percent). Since 1979, however, the Nation's 
total capital spending in universities and colleges has 
been on the upswing. In 1986, expenditures on facilities 
for research and instruction in science and engineering 
were 99 percent higher in current dollars than they had 
been in 1980, and 20 percent higher than they had been 1 
year earlier. (See appendix table 4-22.) 

The largest share of funds (80 percent) from the current 
increase in capital spending is going to science rather 
than engineering. (See appendix table 4-23.) However, 
spending on engineering facilities expanded rapidly 
from 1984 to 1986 for a total increase of i21 percent in 
current doUars. 

Among the sciences in 1986, capital spending in *he life 
sciences received the largest share: two-thirds c all funds 
for science facilities, or 53 percent of the S/E total. (See 
appendix table 4-23.) Capital spending in the life sciences 
was growing slowly; it was only 19 percent higher in 1986 
than in 1976. In contrast, capital spending in the physical 
sciences was 107 percent higher at the e'ld of that period. 
In the mathematical and computer sciences, 1986 spend- 
ing was more than 2.5 times the 1976 figure. Spending on 



"There is no conlinuous coIIecMon of data on industry R&D plant, but 
attempts have been made to describe new invebtments systematicaily. 
Sec (for example) Conference Board (1987). For figures on Federal 
obligations for R&D plant, see National Science Foundation (1985c), 
(1986a), and (1987b). ^ 

"The [cm facilities is used here to stand for capital investment expen- 
ditures for S/E research or instruction at those universities and colleges 
spending $50,000 or more annually on separately budgeted R&D. The 
constant-dollar calculations are based on the GNP price deflator. The 
figures include some monev for major equipment purchased from 
capital, rather than from current operating funds, but there is no way of 
knowing how much For more information on definitioas, .see National 
Science Foundation (1985b). 
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psychology facilities in the same period had near -i- 
pled, but spending for the other social sciences was :ly 
up 15 percent. In the environmental sciences, the level of 
investment was actually 4 percent lower in 1986 than in 
1976 (current dollars). 

Condilion of Facilities. As shown in figure 0-25 in Over- 
view, real-dollar investments in academic science and 
engineering facilities have declined during the last 18 
years. However, the level of need for research facilities 
deptnds on n.v^re than just capital expenditures. On the 
one hand, if adequate facilities are established, they may 
be sufficient for decades. On the other hand, existing 
facilities can become inadequate through lack of mainte- 
nance.'^ They can become crowded if the number of 
researchers grows, and can become obsolescent through 
changes in the character and technology of research. 

Indicators of the status and condition of facilities in 
selected S/E fields are available from a 1986 survey among 
doctorate-granting research universities.'^ The survey 
showed that although the average institution devotes 
513,000 square feet on campus to research, th? figures for 
individual campuses ranged as high as 3.3 million square 
feet. The average for the top (in terms of R&D expen- 
ditures) 50 schools was 1.032 million square feet. More 
than one-half of the universities surveyed were in the 
process of building new research facilities that would 
result in a net average increase of 73,000 square feet per 
campus. The top 50 schools had an average of 98,000 
square feet under construction; the other sc hools aver- 
aged 58,000. 

The overall condition of university research facilities 
was appraised in the survey by deans and research ad- 
ministrators in the relevant S/E fields. (See figure 4-3.) 
Facilities in the medical sciences" were judged to be in 
the best condition: 56 percent were rated excellent or 
good by the deans. Facilities for the environmental sci- 
ences — where investment has tiailed off— were found 
least satisfactory. Seventy-three percent of the deans 
rated facilities in that field fair or poor, and only 24 per- 
cent judged them to be in good or excellent condition. 
Only 31 percent of the deans considc'-'^d their schools' 
physical sciences facilities to be in good or excellent con- 
dition, despite the rapid increase during the past decade 
in spending in that area (noted in appendix table 4-23). 

Administrators and deans surveyed felt that lack of 
space was a more Dressing problem on their campuses 
than was the quality of the existing space. About one- 
third of the respondents considered facilities to be the 
most pressing problem on their campuses in the next 5 
years. About one-half judged the facilities on their cam- 



'^Mainlenance expend I lures are nol included in I ho data in figu-^ 
0-25 in Overview. 

'^his survey inquired aboul research facihlies only; it did nol include 
informahon on equipment or inslruclional facilities. The survey thus 
has a narrower scope than does the data on spending reported in the 
last section. In addition, ^he sample of universities was different than 
the set used to gather the capital expenditures data. For more detailed 
information, see National Science Foundation (1986c). 

""Medical sciences" is a subcategory of life sciences use J »or this 
particular study. 
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puses to be in good or excellent condition; about one-half 
judged them to be in fair or poor condition. 

Survey respondents reported that their facilities in vir- 
tually every field were crowded. (See figure 4-4.) Engi- 
neering was identified as having the most serious space 
problem, closely followed by the social sciences. The 
mathematical sciences were least crov.'ded, although only 
one-third of the deans felt that those facilities provided 
adequate space. 

Facilities Platis, Three-quarters of the schools surveyed 
in 1986 expected to construct new research facilities with- 
in the next 5 years. In addition, 77 percent of the schools 
surveyed reported that they were upgrading or renovat- 
ing facilities, and 74 percent were undertaking major 
repairs in academic year 1985/6. Engineering was the area 
of greatest facilities construction activity: two-third£ of 
the institutions with engineering programs were build- 
mg or planning to build new engineering facilities within 
the next 5 years. 

According to survey respondents. State Govern- 
ments — at 40 percent of total funding — provided the 
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^Figure 4-4. 
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highest proportion of new conbtruction funds. Tax-ex- 
empt bonds funded 30 percent of new construction costs, 
14 percent was derived from private donations or endow- 
ments, a d Federal funds covered 10 percent. Private 
institutions were more dependent than public ones on 
Federal funding. The administrators anticipated that 10 
percent of the new construction costs {1986''91 ) of private 
schools would be financed with Federal funds as com- 
pared with 4 percent of new construction at puMic 
institutions.'*^ 



Equipment Spending'^* 

Equipment expenditures from current (rather than 
capital) funds have also increased dramatically in recent 
years. (Sec figure 0-25 in Overview.) In 1986, U.S. uni- 
versities and colleges spent $765 million from their cur- 
rent fund accounts on research equipment. Tiiese expen- 
ditures more than doubled since 1980 (58-peicent 
increase in constant dollars), the first year for which data 
are available; facilities investments, in contrast, increased 
only 99 percent during the same lime period. Sixty-five 
percent ($497 million) of the funds spent on equipment 
came from the Federal Government. While this percent- 
age closely matches that for overall Federal support of 
university R&D (i.e., 64 percent), it far exceeds the 
Federal share of facilities expendHures (11 percent). 
Federal support for instrumentation increased at a 
slightly slower pace than did non-Federal support: a 106- 
percent increase from 1980 to 1986 as compared with 1 19 
percent in non-Federal support. (See appendix table 
4-26.) 

Between 1980 and 1986, spending for equipment in the 
life sciences grew more slowly than spending in all fields 
combined (68 percent as compared with 111 percent). 
Equipment expenditures in the physical sciences, on the 
other hand, increased at nearly twice the average rate 
(205 percent between 1980 and 1986). Expenditures in 
engineering more than doubled over this time period,- 
increasingly 145 percent. 

Special Programs, The growth in Federal funds for re- 
search equipment is due in part to instrumentation pro- 
grams implemented in several agencies during the early 
I980's. The National Science Foundation, Department of 
Defense, Department of Energy, and National Institutes 
of Health all had initiatives in this area. The amounts 
awarded by these programs represented only about 26 
percent of overall Federal support for instrumentation by 
1985, but — as shown in appendix table 4-27 — the pro- 
grams were growing very quickly. 

These special programs helped distribute Federal in- 
strumentation to a wide set of universities, A comparison 
of total Federal R&D funds to groups of universities and 
those funds distributed through special instrumentation 
programs is presented in figure 4-5. Excluding the top 
100 in Federal R&D support, the remaining universities 
received 12 percent of overall Federal R&D funds, 
however, these same universities received nearly 30 per- 
cent of the funds awarded under special instrumentation 
programs. When all Federal instrumentation awaids 
(both o\'erall and special program) are considered, fund- 
ing for non-top-100 universities more closely matches 
their share of total R&D funding. These uaia suggest that 
the special programs have perfomied a complementaiy 
distributive function that the research project grant sys- 
tem alone has not performed. 



'"Soo Nationa! Academy of Sciences (1986), pp 32 38, furadiscussnni 
of alternative sources of finance for facilities funding 



"'Data here refer to expenditures from current (operating) funds for 
research equipment, in contrast to the capita! funds reported earlier in 
this chapter. Most universities keep separate current and capita! funds, 
and apply current funds for ongoing activities. Note also that the data 
used here are limited to funds for research equipment, and do not 
mcludu funds for mbtrudion<il equipment. The term in^lrumcntiithm is 
used throughout In is chapter to refer to research equipment. 
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The instruments awarded under tne four agency pro- 
grams match reasonably well those types of instruments 
that universities say they need. A 1982-83 survey asked 
departmental chairpersons and facilities administrators 
to name the three instruments their departments most 
needed to purchase.'^ The match between the instru- 
ments awarded under the four agency instrumentation 
programs and the needs expressed by the administrators 
is shown in figure 4-6. Computers and spectror Jters 
were the instruments named most frequently, and they 
also were awarded most frequently by Federal programs. 
Computers, however, made up a smaller share of awards 
than of needs expressed by the admi. istraiors; the fig- 
ures were closer for spectrometers. 

Instrument Inventor}/. In 1982/83, more than 46,000 large 
instrument systems (with an original cost ranging from 
$10,000 to $1 million) were located on university cam- 
puses, according to an estimate based on the survey 
sample.^** The estimated aggregate purchase price of the 
equipment was $1.6 billion.'** Between 1982 and 1985, 
there was substantial turnover in research equipment in 
the physical sciences, engineering, and computer bci- 
ence. (The other fields have not yet been resurveyed.) In 
the physical sciences and engineering, rouj^hly one- 
fourth of the instrument systems that were in active use 
in 1982 were no longer being used in 1985. Conversely, 
almost one-half of the systems being used for research in 
1985 had been acquired in the 1983-85 period. In com- 



"'Nnlional Science Foundation (1985a). 
"'Ibid. 

^''Nol all of the equipment on campus at the time of the survey was in 
use: 2 percent liad not yet come on line, and 20 percent had been retireil 
Only those .systems in u.se are discussed liere. 



puter science, turnover rates were even higher: more 
than 40 percent of the equipment in research use in 1982 
had been retired by the end of 1985, and three-fourthb of 
the systems in research use in 1985 had been acquired 
since the 1982 study. 

Of the systems in use at the time of the 1982'83 survey, 
22 percent were judged by their users to be 'btate-of*the* 
art," one>half were considered in excellent condition, and 
10 percent in poor condition. Fifty-three percent of the 
systems were 1 to 5 years old, anotlier 24 percent were 6 
to 10 years old. Of those systems purchased within the 
last 5 years, 68 percent were thought to be in excellent 
condition, a rating applied to only 27 percent of those 
more than 10 years old. (See figure 4-7.) 

A number of indicators suggest that, between 1982 and 
1985, the general quality of acaden ic research instru- 
mentation has improved in the three fields that have been 
resurveyed. For example, the proportion of all existing 
research equipment that is completely inactive (and pre- 
sumably obsolete, either mechanically or tech- 
nologically) declined by 3 to 10 percent in all three fields. 
Also, the number of instrument systems judged by the 
responsible principal investigators as state-of-the-art in- 
creased by 48 percent in engineering, 73 percent in the 
physical sciences, and 167 percent in computer science. 
Furthermore, the extent of reliance on non-state-of-the- 
art equipment declined in all three fields: the proportion 



^'National Science Foundation (1987a). 
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Figure 4-7. 
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of noivslate-of-lhe-tirl iiibtruniLMil byslemb that were the 
most advanced iiiblrumenlb lo which Iheir Uberb had 
access declined by 7 percent in engineering, 9 percent in 
the physical sciences, and 19 percent in computer 
science.^' 

Research equipment expenditures at universities and 
colleges are approximately proportional to equipment 
inventory share by S/E field. The 1983 baseline survey 
showed that the largest stock of equipment was devoted 
to the life sciences (38 percent), followed by the physical 
sciences (25 percent), and engineering (20 percent).- (See 
appendix table 4-31.) In 1986, tho life sciences spent 42 
percent of current fund expenditures for lesearch equip- 
ment, the physical sciences received 21 percent, and 
engineering used 18 percent. (See appendix table 4-2b.) 

Maiiitciimtce and Repair. Total maintenance and repair 
cc *ts for research instruments are roughly proportionate 
with instrumcMit spending. (See appendix table 4-32.) 
According to the 1983 survey, the average is 16 percent of 
total equipment expenditures, with variations rangmg 
from 12 percent in the agricultural sciences to 21 percent 
in computer science. Approximately 40 percent of main- 
tenance expenditures were for service contracts and field 
service, 40 percent were for university-employed service 
personnel, and 20 percent were fur service supplies, 
equipment, and facilities. Forty-one percent of the instru- 
ment systems in the survey were located in shared-access 
facilities, as were 38 percent of state-of-the-art systems.- 



^hese porcon logos are calciilalod using iUa piirclwsi? price of the 
equipmeiil systems. The data are limited lo systems lhal cost belween 
$10,000 and $1 million, and are estimated based on a sample of univer- 
sities. See National Science Foundation (1985a). 

^The pattern of sIwpaI attest ftttnitie.s b) CiM i:» dihtushcd in the 
following section. 



bisirumcui bitaisihf. As noted above, there was a high 
rale o' increase in equipment speiiuing for the physical 
sciences, this increase is reflected in a correspondingly 
high level of instrumentation spending per physical sci- 
entist. (See appendix table 4-33.; The 1983 equipment 
•nventory showed an average of $24,800 worth of equip- 
ment per scientist in the physical sciences, in chemistry, 
the figure was $27,100. The environmental sciences are 
also very equipment-intensive by this measure, with 
$18,000 worth of equipment per academic scientist. 

Another form of equipment intensity is the use of 
shared-access facilities. (See appendix table 4-34.) In 
1983, 41 percent of instrument systems were located in 
such facilities. Materials science and computer science 
lowed Ihe highest percentages of instruments in shared 
facilities (81 percent in each case). Engineering instru- 
ments and those used in the environmental sciences 
were also relatively likely to be shared (50 and 48 percent 
respectively), as were instruments for interdisciplinary 
research (73 percent). The most equipment-intensive 
fields, however — as measured by the value of the equip- 
ment inventory per scientist — are not those in which 
instruments are housed in shared facilities. The physical 
sciences, lor instance, show a low percentage of instru- 
ments in shared-access facilities (35 percent). 

Newer systems are generally less likely than older ones 
to be located in shared-access facilities. (See appendix 
table 4-35.) Thir'.y-eight percent of the systems that were 
less than 5 years old at the time of the inventory were 
shared, as compared with 48 percent of those more than 
10 years old. Only in the agricultural and environmental 
sciences waj this trend reversed, with newer systems 
more likely to be shared than older ones. 

Cro$$-lu$titutkm Collaborntioii. Shared instrumentation 
is often seen as a major factor in the increase of S/E 
collaboration among researchers working in different in- 
stitutions. Tie figures on institutional collaboration sug- 
gest, however, that instrumentation is not the only factor 
involved. In fact, collaboration rates have increased in 
equipment-intensive fields, but they have gone up in 
other fields as well. (See appendix table 4-36.) This type 
of collaboration has grown from 24 percent of all pub- 
lished articles in 1973 to 36 percent in 1984. The fields 
with the highest levels of institutional collaboration are 
uol those that are most equipment-intensive or thc/se in 
which equipment \$ most often located in shared-access 
facilities. Clinical medicine has the highest collaboration 
rate: more than one-half of all articles in that field were 
coauthored across institutions in 1984. It is followed by 
the earth and space sciences and the rest of biomedicine. 
Chemistry, the most equipment-intensive field, is one of 
the least collaborative (24 percent of 1984 articles), as is 
mathematics (also at 24 percent). Of course, patterns of 
institutional collaboration within fields may be related to 
instrument use even if comparisons across fields do not 
show the connection. 



SPECIAL RESEARCH RESOURCES 

Many research areas require special resources beyond 
buildings, equipment, and the expenses of ongoing re- 
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search. Computing facilities are an exarrp''^. Archives of 
data and research materials are important in many disci- 
plines, as are highly specialized research facilitief^. This 
section discusses some instances of such resources. 

Supercomputers 

Supercomputers provide enhanced problem-solving 
capabilities to researchers in many disciplines. Super- 
computing capacity is increasing rapidiy among U.S. 
research-performing institutions. The number of super- 
computer facitiirs in the U.S. more than doubled be- 
tween 1983 and 1986 (see table 44); university supercom- 
puting resources increased in this pi iod from 3 to 14 
centers. The largest number of supercomputing in- 
stallations (34) was added in government laboratories; 30 
new installations appeared in industry. Comparable 
numbers for supercomputer installations in Japan show 
even faster growth. 

CoIIeclions of Research Materials 

Among the capital resources o^ many fields are ar- 
chives of research materials. The collections themselves 
can be vast, even though the costs of managing and 
maintaining them are modest. Fo» ./ir.tance, nearly 4,000 
collections of biological materials that serve as the basis 
for systematic and evolutionary biology have been identi- 
fied in the United States.^'' About two-thirds of these, it is 
estimated, are maintained in academic departments. An- 
other 29 percent are housed in freestanding institutions 
or academic museums. Because many of the collections 
are small and have no special funds allocated for manage- 
ment, the average budget for the collections is low: $5,620 
in 1981. Budgets ranged as high, however, as $1.5 million 



'^I'lvc ol thobo centers were ^uppurlcd by the N^Uiunal Si-icikc l uun- 
dation, at th University of Illinois, the Von Neumann Center In Prince- 
ton, Cornell * Jniversity, the University of California at San Diego, and 
the Pittsburgh Supercomputer Center. 

^Edwards, Davi5 and Nevling, eds. (1985). 



that year. The estimated total cost of collection manage- 
n.ent for 1981 was nearly $15 million. 

Other areas of biology depend on libraries aiid stocks 
of living Organisms. For instance, a gene library project is 
under way at Lawrence Livf^rmore and Los Alamos Na- 
tional Laboratories.^^ The project purifies and packages 
chromosomes for use by researchers s' dying and diag- 
nosing genetic disease, linkage, and pedigree analysis, 
as weii as those studying gene structure and regulation. 
A multi-million dollar project to map the human genome 
is also under consideration.*" In the agricultural sciences, 
a network of institutions makes germplasm available for 
research purposes. More than 400,000 samples have been 
acquired by the National Plant Germplasn; System, and 
another 7,000 to 15,000 domestic and foreign additions 
are made annually.^ Sixteen such data collections were 
supported by NSF in 1986 for a total of $1.6 million; the 
Department of Agriculture and NIH sponsor other 
collections.^'' 

"iarth and environmental scientists deoend on publicly 
maintained archives of data resources in their work. In 
the earth sciences facilities exist for storing ocean-boltom 
sedimentary cores, ice cores, and meteorites. In 1983-84, 
one collection alone distributed 6,179 samples of ocean- 
bottom cores. "^^ Archives of computerized data from 
weather satellites also are growing at a rapid rate. The 
National Environmental Satellite, Data, and Information 
Service — which manages earth-observing satellite sys- 
tems and global data bases in meteorology, oceanogra- 
phy, solid-; arth jieophysics, and solar-tcrresiral sci- 
ences — has been adding 30 million mt *eorolo^ical 
observations annually to its collection.^^ 



"These libraries are available Irom a repusitur) through funding b) 
the Nil! Division of Research Resources. 

^See the Spring 1987 i.ssi'.e of h$uc$ in Same ami Tcclmoh^i/ for a 
discussion of this pro,JCt. 

*^ource: Agricultural Research Service. 

"^Informatum provided by the National S*.itn».t luundatiun. Division 
of Biotic Sy.stems and Resources. 
^•Cassidy (1984), pp. 243-245. 

"Information provided by the National Oceanic and Atmospliertc 
Administration. 



Table 4-1. Supercomputer Installations In the United States and Japan: 1983-86 



Type of installation 






1984 




1985 




1985 






United 

States Japan 


United United United 
States Japan States Japan States^ 


Japan 


Government research laboratories' . . 


23 




25 




'39 




57 










!•) 




4 




9 




M 






3 




5 




14 




14 








20 


3 


22 


9 


45 


17 


50 


33 





« The categories "government inesearcb laboratorlesT and "universitleaT cannC* be separated in the Japanese environment 
2 Estimated. 

SOURCE: United States: ^;ational Sdence Foundation. Office of Advanced Sdenlific Computing: Japan: Tokyo Office of the U.S. National Sdence Fbundaton. Report 

Memorahdom #J28, July 23, 1987 ^ . „ ^ , .... y^^^ 
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In the social sciences, several national survey data 
bases both serve as archives for historical patterns and 
provide information on current trends. The Panel Study 
of Income Dynamics, for instance, is the only survey of 
income, occupation, education, family composition, and 
other social and economic family characteristics which 
has repeatedly interviewed the same nationally repre- 
sentative sample of respondents over a significant period 
of time. The data are invaluable in analyzing income and 
labor supply dynamics. Similarly, the National Elect*. )n 
Studies and General Social Survey track political and 



social trendb. As in the earth sciences, archives of social 
science data are of continuing importance. NSFs Divi- 
sion of Social and Economic Sciences now requires data 
produced under some Federal grants to be made publicly 
available. The International Association for Social Sci- 
ences Information Services and Technology provides in- 
formation on archives around the world. ^- 



^Informnlion provided by ihr ivlntional Science I-oundalion, Division 
of Social and Economic Sciences. 
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Chapter 5 
Academic R&D and 
Basic Research: Patterns 
of Performance 



Academic R&D and Basic Research: Patterns of Performance 



HIGHLIGHTS 



• /// 19S5, almost one-half (49 percent) of the doctoral-lcvd 
scientists and enfiineers in academic research and develop- 
ment (R&D) or basic research tcere supported by Federal 
funds. This proportion has drr.pped in recent years, 
down from 56 percent in 1977 In industry, the percent- 
age dropped from 21 to 14 p^»rcent, and in universities 
and colleges from 55 to 48 percent. (See pp. 90-91.) 

• The number ofdcctonil-lcvel icomen scientists and cnj^ineers 
en^^a^ed in academic R&D or nonacademic basic research 
nearly doubled betiveen 1975 and 19S5. hi the same 
period, the percentage of women in these activities 
increased from 9 percent to 15 percent. (See p. 91.) 

• The number of doctoral-Lvel blacks, Asians, and other mi- 
nority firoups also nearly doubled betiveen 1975 and 1985, 
and ;he percentage of blacks increased from 0.78 to 
1.16 during this period. However, since black enroll- 
ment in science and engineering (S/E) degree pro- 
grams has slowed in recent years, future gains are not 
likely to be as dramatic. Moreover, black participation 
in researrh is still low when compared with the per- 
centage of blacks in the total population of scientists 
and engineers. (See p. 91.) 

• The number of scientists and en}*ineers engaged in academic 
R&D or nonacademic baste research doubled betiveen 1976 
and 19S5. The fastest increase was among computer 
specialists, whose numbers went from 1,200 in 1976 to 
6,000 in 1984. The number of engineers in research 
increased by 133 percent between 1976 and 1985. The 
number of scientists grew 97 percent. (See pp. 93-94.) 

• 77/t* percentage of doctoral-level researchers who moved from 
universities and colleges lo industry was somewhat highci 
between 1983 and 1985 than it had been a decade earliei. this 
trend was more notable among scientists than among 
engineers. Similarly, the percentage of researchers 
moving from industry to academia also was higher in 
1983-85 than a decade earlier. In all cases, however, the 
proportions were small, around 2 percent. (See pp. 
94-95.) 

• Research collaborations across sectors in the United Statct^ arc 
on the rise. In 1973, only 19 percent of articles with 
authors working in industry were coauthored with 
someone working in another sector. By 1984, 36 per- 
cent were coauthored across sectors, 24 percent with 



university researchers. Cross-sector collaboration rates 
were also up for nonprofit institutions. Federally 
funded R&D centers (FFRDCs), and Federal Govern- 
ment laboratories. (See pp. 95-96.) 

• Universities and colleges are patenting more frequenthj. The 
rate of increase in patents granted between 1980 and 
1985 was more than double that for the preceding 5 
years. The most active patent classes are bio-affecting 
drugs, molecular biology and microbiology, and sur- 
gical inventions. (See p. 97.) 

• Foreign citizens received a larger share of the science and 
engineering doctorates granted by U.S. universities in 1986 
than at any time in the preceding decade, and more of these 
citizens planned to stay and work in the United States. 
Twenty percent of the S/E doctorates awarded in the 
U.S. in 1984 went to foreign nationals, as compared 
with 12 percent in 1960. In 1983, 47 percent of these 
foreign doctoral recipients had firm plans to stay in the 
U.S., compared with 29 percent in 1972. In contrast, 
the number of U.S. nationals who planned postdoc- 
toral study abroad has fluctuated around 1.5 percent of 
the total for several decades. (See p. 98.) 

• Cross-national research contacts are on the rise, as indicated 
by increases in exchange visas and international 
coauthorships. More than 97,000 academic exchange 
visas were issued in 1984 to allow overseas visitors to 
attend U.S. universities and colleges; this represented 
a 7-percent increase from 1983. Similarly, interna- 
tionally coauthored articles rose from 13 percent in 
1973 to 17 percent in 1982. More than 25 percent of 
publications from FFRDCs in 1984 were interna- 
tionally coauthored, as compared with 18 percent for 
private firms and 16 percent for universities. (See pp. 
98-99.) 

• The U, S. still produces abou 1 35 percent of the world's science 
and engineering literature, and receives more citations 
than any other country. In relation to the number of 
articles produced, however, there has been a slight 
decrease in world attention to the U.S. iiterai ire. The 
1982 U.S. literature received only 83 percent as many 
citations from the rest of the world between 1982 and 
1984 us would be expected based on the number of 
U.S. articles published. (See p. 99.) 
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The preceding chapter described those resources avail- 
able in the United States for research in science and 
engineering, particularly focusing on resources for aca- 
demic R&D and nonacademic basic research— two ac- 
tivities that are increasingly treated as critical in national 
R&D strategy. This chapter focuses on how the people in 
science and engineering use those resources to produce 
new knowledge. 

The chapter first presents a statistical description of the 
set of institutions— including universities and colleges, 
other nonprofit institutions, government laboratories, 
and industrial firms— that are involved in lasic research 
in some form. Data on U.S. scientists and engineers who 
are engaged in academic R&D or basic research are pre- 
sented, and their distribution among fields of science and 
research-performing sectors is described. Movement of 
scientists and engineers out of research and into other 
activities— such as R&D management, development, 
and teaching — is also discussed. 

This chapter also discusses cross-sectoral contacts 
among researchers, including cross-sectoral mobility, 
coauthorship, and a variety of university-industry inter- 
actions. These contacts are often considered essential if 
new science and engineering knowledge is to be both 
useful and used. Finally, data on international contacts, 
another important consideration in national R&D strat- 
egy, are presented. 

INSTITUTIONS 

Although basic research often is associated with aca- 
demic settmgs, nonacademic institutions— i.e., govern- 
ment laboratories, nonprofit institutions, and industrial 
firms— are also important contributors. Altogether, near- 
ly 1,600 mstitutions, academic and nonacademic, are in- 
volved in the performance of basic research in the United 
States.^ Their expenditures vary substantially. Among 
universities, the top 100 (which account for 18 percent of 
all academic R&D performers) spend 83 percent of R&D 
funds. (See table 5-1.) FFRDCs are generally very large 
organizations, with annual budgets ranging as high as 
$688 million in 1985.^ 

Among industrial firms, the 56 largest R&D-perform- 
ing companies spent 44 percent ($1.1 billion) of indus- 
try's in-house basic research funds in 1984. (See table 
5-2.) Company funds for in-house basic reseaich are 
heavily concentrated in a few industries, chemicals and 
allied products, petroleum refining, machinery, electrical 
equipment, motor vehicles, and scientific instruments. 
Together these industries account for 78 percent of indus- 
try's total basic research expenditures.'^ 



'The ncluni eslim.ile of 1,56b mshluhuns includei> Hie 566 universjlies 
and colleges lli.il spenl .il le.isl $50,000 on sep.iraloly budgeted R&D in 
1984 or granted a graduale science or engineering degree, 38 PFRDC'<;, 
and the 228 industrial firms lhal spenl al leasl $10,000 on basic research 
in 1984. Also included are an eshmaled 444 nonprofil inshluhons 
(based on a 1973 survey) and 290 Federal inlr.imurai laburalunes (b«sed 
on a data base on laboratories maintained «inhe Technology and Infor- 
mation Policy Program at Syracuse University) 

^National Science Foundation (1987b). 

'National Science Foundation (1984). 



Table 5-1. Distribution of R&D funds among 
academic performers, by R&D rank: 1986 



Funds 

R&D rank (f /illions of dollars) Percent 

Alllnstitutions 10.718 100 

Topic- 2.284 21 

Top 20 3.779 35 

Top 50 6,516 '61 

Top 100 8,896 83 



SOURCE: National Science Foundation. Academic Sa'encelEngmQering: 
R&D Funds FY 1985, and unpublished data 
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Industrial laboratories have historically performed 
about one-third of nonacademic basic research, and their 
efforts in this area are growing faster than those of any 
other sector. (See appendix table 5-1.) In 1985, industrial 
laboratories spent $2.85 billion on basic research ac- 
tivities, an increase of 65 percent in constant dollars over 
the 1980 level. In comparison, Federal laboratories in- 
creased their spending by 25 percent in constant dollars, 
and universities and colleges increased theirs by 18 
percent. 

The role of basic research within the various perform- 
ing institutions varies widely. (See appendix table 4-7.) 
Universities, colleges, and other nonprofit institutions 
do more research than development. In contrast, basic 
research Is only a small component of the overall R&D 
efforts of FFRDCs, government laboratories, and indus- 
trial firms. 

The mix of institutions performing basic research in the 
United States is, by and large, typical of industrialized 
countries. The U.S. spends about the same share of its 
basic research dollars in industrial laboratories as does 
West Germany, and a somewhat smaller share than ja- 
pan. (See figure 5-1.) All the industrialized nations repre- 
sented in figure 5-1 spend between one-half and two- 
thirds of their basic research funds in the higher educa- 
tion sector. The chief distinctive feature of the U.S. sys- 
tem is the high level of participation in basic research by 
the private nonprofit sector. Since this sector is growing 
more slowly in the U.S. than either academic R&D or 
industrial basic research, the patterns may in fact be 
converging. 

SCIENTISTS AND ENGINEERS IN ACADEMIC 
R&D AND BASIC RESEARCH 

Research is only one ot a number of activities that 
scientists and engineers pursue. For example, if they 
work in universities, they probably combine teaching 
with research; if they work in nonacademic settings, they 
may be primarily engaged in development. In either 
setting, scientists and engineers may spend more time on 
management than on research itself- 

This section focuses on scientists and engineers whose 
main activity is the extension of knowledge— i.e.. re- 
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Table 5-2. Distribution of R&D expenditures among Industry performers, by size of company and character of work- 
1985 

Research & development Basic research 

fnrn/'°T"\ Number of Thousands Percent" Number of Thousands P^i^ 

(no. of employees) performers of dollars of funding performers of dollars of funding 

'^^^^ NA 71,137 100.0 NA ^503 mo" 

Less than 1,000 NA 3,557 5.0 NA My 179 

l^^oo^m 775 4.395 6,2 73 sJs 2 6 

5W9.999 185 3.175 4.5 34 138 55 

^0^000-24.999 191 10.332 14.5 65 490 196 

25.000 or more 127 49,678 69.8 56 1.113 44^5 

SOURCE: National Science Foundation, Research and Development in Industry, 1985, and unpublished data 
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Figure 5«1. 

Basic research expenditures by periormer, 
selected countries 

(Percent) 

0 20 40 60 80 100 



' I J i I 1 1 i i 
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Higher education Industry Government \ 




Note Data is for a year between 1980-84 depending on the country. 

See appendix table 5-2 scjence & Engineering Indicators - 1987 



search For data from universities and ^.olleges, "re- 
searcher" applies to anyone whose primary or secondary 
work activity is research or development. This definition 
is based on the assumption that teaching and research are 
closely related in the university setting, that most re- 
searchers are doing some combination of both basic and 
applied research, and that the small amount of develop- 
ment activity performed (representing 4 percent of total 
R&D funding to universities and colleges) is closely tied 
to the growth of disciplinary knowledge. In nonacademic 
settings— where the distinction between research and 
nonresearch roles is clearer, and applied research is more 
closely tied to product development— "researcher" ap- 



plies to anyone whose primary work activity is basic 
research.* 

Two kinds of data are available on researchers: figures 
for all researchers, regardless of degree level; and figures 
on doctorate-level researchers alone. Both types of data 
are used in this section, often in comparison with each 
other. 

Number of Researchers 

As mentioned in chapter 3, "Scientific and Engineering 
Workforce," more than 4 million scientists and engineers 
are employed in the United States in various occupations. 
Of the 1.2 million scientists and engineers in research or 
development (see appendix table 3-4), it is estimated that 
213,300 were engaged in academic R&D or basic research 
as their primary work activity in 1986. (See appendix 
table 5-3.) Of these, 168,900 (79 percent) were employed 
by universities and colleges. The remaining 44,400 were 
engaged in basic research elsewhere, including 13, 100 in 
industry, 17,200 in the Federal Government, and 9,400 in 
nonprofit institutions.'' (See figure 3-2.) Less than one- 
half of these researchers held a doctorate degree.'' (See 
appendix table 5-4.) 

The proportion of doctoral researchers supported by 
Federal funds has been shrinking steadily, dropping 
from 56.0 percent in 1977 to 49.1 percent in 1985. (See 
table 5-3.)^ The share receiving Federal support varies 
among employing institutions and S/E fields. Outside 
the Federal Government itself, the percent receiving 
Federal support is highest in nonprofit institutions (72 
percent in 1985), and lowest in industry (14 percent). 



Tlu' «Ktii«il Dpv'MtionnI doliniliiMij* ns<.'il in vnnipilin^ llu» Inbk-s lor 
this st'ctii>n nwv wu> fmni iUosv iics<. ribiil luri'. Such \«uuitii)ns^ 
spocilit'd m notos within the tables jri' uniSiO In \ar>in^ Ui«ir,K- 
loristics ()! dnl«i Kisoj> usoJk 

'State .ind local govornmonts oniployoii 1,100 scuMitisis ami i'nj»i- 
iicers 111 basic roscarth, l/iUO wort' omplovoil in otiu'r iiistitutiDns. 

'Note that this ligurc UKloik s^raihiatt' sluiioiUsi mpluNod at univer- 
sities in a research capacitv. 

Note that this (able mkIuJos nsiarilu rs whusi prinijrv or soioml- 
ary work activity was basic or applieii resign h I luis tlu' luinibors ,ire 
larger than those in appeiuiix table ^-l. 
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Table 5-3. Ph.D. researchers,' by sector and Federal support status: 1977, 1981, and 1985 





1977 




1981 




1985 




Sector of employment 


Number 
employed 


Percent 
support 


Number 
employed 


Percent 
support 


Number 
employed 


Percent 
support 




113.255 
91.851 
5.540 
9.014 
6.850 


56.0 
54.6 
82.2 
21.3 
99.9 


136.945 
108.340 

7,334 
12,623 

8,648 


53.4 
52.4 
79.0 
15.4 
100.0 


145.918 
118,210 

7.002 
12.336 

8.370 


49.1 
47.8 
71.5 
14.0 
100.0 



' "Researchers" are defined as "nose primarily or secondarily employed in basic or applied research. 
2 Totals refer to these listed institution types oniy. 

SCXJRCE: National Academy of Sciences, Survey of Doctorate Recipients, special tabulations 
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Rgure 5-2. 

Scientists and engineers in academic research 
and development and basic research, by 
employment sector: 1986 
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See appendix table 5-3, 



Science & Engineering indicators - 1987 



Figure 5-3. 

Women as a percent of doctoral scientists 
and engineers in research, by type 
of employer: 
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See appendix table 5-5 
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Women Scientists and Engineers 

The number ol women with S/E Ph.D.'s in resciirLh hiis 
grown more slowly thon the number in other S/E work 
activities. (See figure 5-3.) Nonethelebh, the number ol 
doctoral women in academic R&D tind biisic research 
nearly doubled between 1975and 1985, and their propor- 
tion of all doctoral researchers rose from 9 percent to 15 
percent during this time. 

Minority Scientists and Engineers 

The number ol blacks with S/E doctorates in auuiemic 
R&D and basic research also nearly doubled between 



1975 and 1985, and the percentage of blacks increased 
trom 0.78 to 1 . 16. (See figure 5-4.) Blacks as a percentage 
ui the total workloive in basic research in industry more 
than doubled. I Kme\er, since black enrollment in sci- 
ence and engineering degree programs has slowed in 
recent years (see chapter 2, "Higher l:ducalion for Scien- 
tists and Engineers"), future gains are not likely to be as 
dramatic. Moreover, black participation in research is still 
low compared with the percentage of blacks in the total 
S/E population. (See figure in Overview.) In con- 
trast, between 1975 and 1985, the percentage of doctoral 
Asians in research increased from 5.7 to 9.0, this percent- 
age IS higher than theii representation among the total 
population of scientists and engineers 
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Figure 5-4. 

Doctoral S/E's in research, by race and 
employment sector: 1975, 1985 



1975 




Total 



Universities Business Nonprofit Federal 
& colleges & industry 

1985 




Total Universilies Business Nonprofit Federal 
& colleges & industry 



See appendix table 5-6 
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Postdoctoral Positions 

PosldoclornI positions nre incronsingly important ns c^ 
fir^t step in n research career. Between 1979 and 1985, the 
number of postdoctoral positions in all fields of science at 
doclorate-Rrantirg institutions grew at an a\ orage annual 
rale of 3.9 percent. At 4.8 percent, the 1984/5 increase was 
larger than average, bringing the total number of 



postdoctoral positions to 22,691. About two-thirds of 
these positions (15,264) wore in the life sciences; another 
20 percent were in the physical sciences. The number of 
positions increased most rapidly in the life sciences, 
which averaged a 4.6-percent increase per vear between 
1979 and 1985.^ 

Po.>tdoctoral positions at U.S. institutions are attractive 
to foreign recipients of the U.S. doctoral degrees in S/ll 
fields. Between 1972 and 1986, the number of foreign 
recipients of U.S. doctoral degrees who indicated firm 
plans to engage in further studv at a U.S. institution 
increased threefold-^from 251 to 744 individuals. In 
1986, 28 percent of new foreign doctorate holders with 
firm plans indicated that they planned a period of 
postdoctoral study in the U.S. This was more than one- 
half (54 percent) of all those who planned to stay in the 
U.S. (See appendix table 5-7.) 

Retention Rates in Research Careers 

The extent to which doctoral scientists and engineers 
either stay in research careers or move into other ac- 
tivities isan indicator of the research workforce's stability. 
Retention rates for careers in basic and applied research 
have in fact been on the increase since 1975. The percent 
of those who remained in these activities over the preced- 
ing 2-year period was somewhat higher in 1985 than it 
was in 1975. This was particularly true among engineers. 
(See table 5-4.) However, engineers showed greater year- 
to-year variability than did scientists. Over the past de- 
cade, scientists leaving research have been moving less 
often into teaching and management activities, and 
slightly more often into development. Between 1983 and 
1985, development was the most common destination for 
engineers leaving research; teaching was the least fre- 
quent choice. (Sec appendix table 5-31.) 

Employment Sectors 

In 1986, 79 percent of S/U researchers were emploved at 
universities and colleges. (See figure 5-2.) This propor- 
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Table 5-4. Retention rates for research' careers: 
1973/75-198 3/85 

"^Q^^s All fields Scientists Engineers 

Percent^ 

1973-75 72.2 74.2 60.1 

1975-77 70.9 72.£ 59.4 

1977-79 63.9 67 45 7 

1979-81 75.7 77.3 63.6 

1981-83 72.9 75.3 59.1 

1983»85 75.6 76.5 6 9.8 

' Research is defined as primary work activity in basic or applied research. 
2 Percent remaining in research over the preceding two-year period. 

SOURCE National Academy of Sciences. Doctorate Records File, spec a' 
tabulations 
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lion was nearly identical for both doctorate holders and 
other scientists and engineers. Some fields, however, 
have a higher representation of basic researchers outside 
the academic sector. (See figures 3-5 and 5-6.) Tor in- 
stance, 12 percent of all physical science researchers (and 
21 percent of those with doctorates) work in industry; in 
contrast, industry employs only 3 percent of science re- 
searchers in all fields. Similarly,' 17 percent of n\searchers 
in chemistry (30 percent of doctoral chemists) are em- 
ployed in industry. Relatively large shares of earth scien- 
tists and computer specialists also work in industrial 
research. Environmental scientists are more likely to 
work for either a nonprofit institution or the Federal 
Government than are ^^cientists in other fields. 

Engineering researchers are nearly twice as likely as 
scientists to work in the industrial sector. Among engi- 
neers, the Federal Government employs only 7 percent 
overall, but 37 percent of aeronautical and astronautical 
engineers (34 percent of those at the doctoral level), and 
20 percent of materials engineers with doctorates. In 
engineering, the fields of concentration in industry and 



Figure 5-5. 

Non-academic scientists and engineers in 
basic research, by sector and field: 1986 
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Figure 5-6. 

Non-academic doctoral scientists and 
engineers in basic research, by sector 
and field: 1985 
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j^overnment are similar; in science, fields of con- 
centration differ between industry and government. 

Growth Patterns by Field 

Over the last d'^cade, the total number of scientists and 
engineers in acad( n jc R&D and basic research has more 
than doubled, and the number of doctorate holders has 
increased by 40 percent. (See figures 3-7 and 3-8.) Re- 
search engineers have increased faster than have re- 
search scientists (178 percent and 122 percent increases, 
respectively). At the doctorate level, the increases were 
53 percent for engineers and 39 percent for scientists. 

Among research scientists, computer specialists" are 
the fastest growing group, increasing fivefold between 
1976 and 1986 (184 percent at the doctorate level). Since 
the number of computer specialists is still relatively 
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Figure 5-7. 

Growth of S/E's in academic R&D and basic 
research, by field 
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Figure 5«8. 

Growth of Ph.D. S/E's in academic R&D and 
basic research, by field 
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small, however, this growth is not a major factor in the 
overall increase in scientists performing academic R&D 
and basic research. Researchers in the physical sciences 
sliow the lowest growth rales of any major disciplinary 
group for the decade: 18 percent overall and 26 percent at 
the doctorate level. 

In the most recent 2-year period,"' growth in the 
number of engineers in academic R&D and basic research 
was greater than that of scientists (19 percent versus 12 
percent). At the doctorate Ic-vel, however, llie increase 
among engineers was less than among scientists (5.5 
percent versus 8.9 percent). Chemical, industrial, and 
electrical/electronics engineers increased fastest— 50 per- 
cent, 40 percent, and 29 percent, respectively, in total 
numbers. Among doctoral research engineers, mechan- 
ical, chemical, and civil engineering showed the fastest 
growth— 98 percent, 39 percent, and 23 percent, respec- 
tively. Materials engineers in research decreased by 25 
percent. In the most recent 2-year period, the total 
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number of computer specialists engaged in research ex- 
panded by 20 percent (46 percent at the doctoral level). 

CROSS-SECTOR INTERACTIONS 

An important measure of the strength of the U.S. re- 
search system is the extent of interaction among the 
various research-performing organizations— particularly 
between scientists and engineers in academia and those 
basic researchers in more mission-oriented sectors. In- 
dicators of this interaction include mobility of re- 
searchers, coauthorship across sectoral lines, and cita- 
tions among sectors. The following describes these 
indicators, and then discusses university-industry 
interactions. 



Cross-Sector Mobility of Researchers 

People are the principal carriers of ideas from one 
setting to another. The 2-year mobility rales shown in 
appendix tables 5-8, 5-11, and 5-12 indicate the flow of 
people among research-performing organisations. In 
general, over any given 2-year period, most scientists 



ERLC 



and engineers do nol change Iheir .setlor.s of empkn- 
menl. (Note Iho eislim»iled ,sl»ibilil\ uile.s m figure 5-0.) 
1-or example, about % peicenl ol re.senrther.s in eilhei 
pnvale induslrv or academia were hlill working in Iheu 
respective iseclor^ 2 yeai\s laler. Thi,s level ol hlabilil) h»us 
been about the same lor Ihe Lxsl decade. An)ong govern- 
ment researchers, the stability rale rose belween 1973 
and 1973 and belween 1981 and 1963, bul dropped be- 
tween 19iS3 and 1985. Governmenl researchers who 
change sectors are mosl likely lo go lo academia. nearl\ 5 
percent did so between 1983 and 1985. (See appendix 
table 5-11.) 



Figure 5-9. 

Percent of Ph.D. researchers who 
remained employed In the sector between 
1983 and 1985 
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Researchers in nonprofit organizations are most likely 
10 move into another sector, probably because their jobs 
are mosl vulnerable to shifts in funding. In the past 
decade, about one-fourth of the researchers in nonprofits 
moved lo another sector over any given 2-year period. 
Moreover, in biMh 1973-75 and 1981-83— periods when 
nonprofit institution basic research sp<Miding de- 
creased—the percentage of researchers moving to an- 
other sector rose lo one-third. During those periods, 
engineers were more likely lo leave the nonprofit sector 
than were scientists. In 1973-75, nonprofit researchers 
were most likely to move into academic positions. During 
this lime, an estimated 22 percent moved into academic 
positions. This represented 2] percent of scienlisls and 
25 percent of engineers. In 1981-83, they were more likely 
(18 percent) to move lo positions in industry. (See appen- 
dix table 5-11.) 



The migration rates for doctorate le\ el researchers be- 
tween ^icademia and industry are estimated lo b<* small. 
(See appendix table 5-12.) Among scienlisLs, a trend lo 
w»ird increasing proportions of academic researchers 
lea\ing for industry was rev ersed in 1983-85, when only 
2.3 percent left for induslrv (compared with 2,8 percent 
between 1981 and 1983). On the other hand, the share of 
induslr) researchers moving lo academia continued lo 
climb, reaching 2.2 percent belween 1983 and 1985. 

Rales for engineerj: are harder lo estimate because Ihe 
numbers are small. However, the rale of cross-mobility 
for engineers seems lo have dropped in Ihe lalesl lime 
period, with 1.6 percent of academic researchers moving 
lo industry and only a fraction of 1 percenl of industry 
researchers moving lo academia. 

Cross-Seclor Coaulhorships and Citations 

Research collaboration across sectors is on the rise, as 
indicated by the percenl of U.S. publications with authors 
from more than one sector. (See appendix table 5-13 and 
figure 5-10.) Coaulhorship rales in general are increasing 
across the fields of science and engineering (see figure 
5-11), as are cross-sectoral coaulhorships among all possi- 
ble combinations of research-performing institutions. For 
instance, in 1973 only 19 percenl of articles by authors in 
industry were coaulhored with someone working in an- 



Flgure 5-10. 

Percent of articles by authors working in different 
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Figure 5-11. 

Coauthored articles as a percent of 
all articles, by field of science: 
1973. 1977, 1981, 1984 

(Percent) 
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Other soclon (Seccippendix lablo 5-13.) In 1984, however, 
3(> percent were coauthored across sectors. Twenty-four 
percent of industry articles were coauthored with univer- 
sity researchers, the fastest growing areas of industry- 
university coauthorships in this period were biology and 
biomedicine; this may well reflect the rapid growth in the 
commercial significance ol biotechnology. (See figure 
0-32 in Overview and appendix table 5-15.) Industrial 
ciMUthorship with l-FRDCsand government laboratories 
also rose sharply. 

hi contrast, or perhaps as a consequence, the attention 
shown by researchers in one sector to at tides published 
in ane'her (as indicated by citation rates) has been drop- 



ping in most cases over the last decade. (See appendix 
toble 5-14.) While the levels of citation from university 
authors to industrial authors remained relatively stable 
between 1973and 1984, theattention given bv industry to 
academia (using the citation indicator) dropped, the 
numbers show a significant increase in attention among 
nonprofit and l-ederal Clovernment researchers toward 
articles from industry, as well as toward FFRDCs in the 
nonprofit case. 

lixaminiiv' the publications in detailed S/II fields illus- 
trates the interdependence of research among the vari- 
ous sectors. For example, note the rapidly expanding 
research areas of transition-metal silicides and silicon 
molecular-beam epitaxy. Both of these areas are of strate- 
gic importance for the United States: the Soviet Union 
and Japan have active research efforts in each. Moreover, 
in each, the most active U.S. institutions are from dif- 
ferent sectors. In transition-metal silicides, the most ac- 
tive institutions in 1984 were IJell Laboratories, IIJM, 
RCA, the California histitute of Technology, and Stan- 
ford University. The most active institutions in 1984 in 
silicon molecular-beam epitaxy were IJell Laboratories, 
the Massachusetts Institute of Technology, the State Uni- 
versity of New York at Albany, and the University of 
California at Los Angeles.*' 

University-Industry Contacts 

Concern with the international competitive position of 
U.S. industry has focused attention in particular on uni- 
versity-industry contacts. As noted in chapter 4, "Re- 
sources for R&band IJasic Research," industry support is 
the fastest growing source of support for university re- 
search, although it is still a small percentage of the total. 
These data, along with information on coauthorship and 
cross-citation, suggest that the level of contact between 
industry and acatlemia may be increasing. 

Research itself is only one reason for university-indus- 
try contact. Educational ties may be more important in 
the long run. In a 1984 survey, a "large share of doctorate- 
granting institutions reported research ties with industry 
(91 percent of public and (>5 percent of private), but 
among all the institutions responding, only 18 percent 
reported researcli contacts.'* The most widespread ties 
were joint meetings and equipment sharing (reported by 
more than 70 percent of responding campuses), followed 
by direct educational contacts: scholarship/loan pro- 
grams and credit and noncredit courses for employees. 
(IJetween 40 and 50 percent of responding campuses 
were involved in these.) Lastly, 15 to 20 percent of univer- 
sities reported jointly sponsored degree programs, 
shared staff arrangements, or research contacts. 

A similar survey among firms in Michigan produced 
the distribution of contacts noted in appendix tables 5-16 
and 5-17. Attending conferences appears as the most 
frequent form of contact (as it did in the survey among 
universities), and research contracts involved only a 
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small proportion of Ihc firms. In general, the larger the 
company, the greater its ran}»e of university relations. 
Also, university-industry interaction is related »o com- 
pany life cycles. Companies at the start-up stage were 
most likely to use t'jchnical services, employ faculty con- 
sultants, and have a variety of other professional interac- 
tions with nearby campuses. Companies at the stage of 
rapid growth were most likely to recruit graduates, spon- 
sor internships, and send staff to confertMKes. Com- 
panies of stable or declining growth had the lowest levels 
of university interaction.'^ 

Numerous and variea Federal programs luve tried to 
encourage university-industry interaction -over the 
years." In the 1980's, many States also initiated efforts to 
encourage contacts between local universities and indus- 
trial firms. Much of the encouragement is for educational 
aeUvities of the sort mentioned above, but some of the 
efforts are focused on research. Surveys by the National 
Governors' Association and the U.S. Congress, Office of 
Technology Assessment, identified about 50 of these 
efforts, spread across 29 States.'*' More than two-thirds of 
the researdi initiatives consisted of malchin^ grants for 
industrial funding of university research, sometimes in- 
volving collaborative work. Cumulative 1980-84 funding 
in these programs was estimated at S350-450 million. 

Facullif Con$ulliuji. Academic R&D contributes to in- 
dustrial mnovation through direct transfer of information 
in the form of technical services and formal or informal 
consulting relationships. An estimated 80 percent of fac 
ulty members at U.S. universities and colleges have a)n- 
sulted for an off-campus client at some point in their 
careers, although less than 20 percent report having done 
"a great deal" of it."* About 90 percent of engineers have 
had such experience; at less than 70 percent, mathemati- 
cians and statisticians are least likely to have had this 
experience. Every type of campus is involved. About 
thre^j-fourths of the faculty at baccalaureate institutions 
report consulting experience, ranging up to nearly 90 
percent of those at select research institutions. 

There is a special relationship between small busi- 
nesses and teaching institutions. In a 1984 survey, faculty 
at comprehensive universities, colleges, and baccalaure- 
ate institutions were much more likely to report thai their 
last clients were small businesses than were researchers 
at research universities or engineering schools. These 
discrepancies are particularly great in the environmental 
sciences. (See appendix table 5-18.) 

Research Couiacl$. fhe distribution ot industry support 
among fields of academic science is not known; about 
one-half, however, is apparently spent in engineering.*^ 
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In a 1984 sur\x7, industry respondents ranked the rele- 
vance of research in the various science fields to technical 
change in their lines of business. Computer science and 
metallurgy headed the list, followed by materials science 

and d-eniistrv.^"* 

Industriafsupport of university research in bio- 
technology has received considerable attention in recent 
years, but a 1985 surve;^ shows that this support has not 
yel reached the relative importance that it has in chemis- 
try and engineering.'** Twenty-three percent of respond- 
ents working in the "new biotechnologies" were principal 
investigators on projects sponsored by industry, as corn- 
pared with 43 pera»nt of those in chemistry and engi- 
neering. Industry supplied 7.4 percent of the research 
funds received by biotechnology faculty, as compared 
w:th 32 percent of the funds received by chemistry and 
engineering faculty. 

Uuiversilif LnlivprencursUiiK Another new feature of the 
relationship between universities and commerce is aca- 
demic entrepreneurship, which involves both individual 
faculty members and universities themselves. Several 
developments have influenced this trend, including 
changes in Federal patent laws and the emergence of the 
biotechnology industry. 

In 1980, Federal patent law was alterec" to allow univer- 
sities and small businesses to retain title to inventions 
resulting from Federally sponsored research projects. 
This change provided n new incentive for the formation 
of businesses based on university inventions. The effects 
of this change in liio law are expected to appear only in 
the long term; further, they will be difficult to separrle 
from other changes in the academic environment,^' 

The level of pateiaing activity of U.S. universities and 
colleges has increased over the past 2 dec'-^dcs (see appen- 
dix table 5-19), although academic paunting remains 
only a small share of the total. The rate of increase in 
patents granted between 1980 and 1985 was more than 
double the rate of increase in the preceding 5 years; it was 
somewhat less, however, than (he rate of increase for 
1970-7?, The most active patent classes are in the bio- 
medical area: bio-affecting drugs, molecular biology and 
microbiology, and surgical inventions. 

Another sign of the involvement of academia in the 
commercial sphere is the appearance of spin-off firms 
founded by university scientists, De,spite the attention 
devoted to a few examples such as Cetus and Genentech, 
there are indications that this phenomenon is concen- 
trated in a few universities and involves only a handful of 
firms,-* A 1985 survey found that only 8 percent of faculty 
in biotechnology fields held equity in a company whose 
products or services were based on their research,-" Sim- 
ilariy, a study of the "Cambridge phenomenon" has 
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shown that most of the high-technology development 
associated with that university town has been generated 
through a chain of spin-offs from firms, not by spin-offs 
directly from the university.'^ 

INTERNATIONAL CONTACTS 

Science and engineering research has always been an 
international activity. For centuries, students have trav- 
eled to the world's scientific centers for training anc 
maintained contact with their teachers after returning 
home. There is an equally strong tradition of researchers 
with common interests collaborating across national 
boundaries, scientific knowledge, once created, has been 
shared. The following presents indicators of U.S. par- 
ticipation in the international world of science. 

The evidence presented here points to a changing 
pattern. The U.S. educational system is granting an in- 
creasing number of doctorate degrees to foreign na- 
tionals, and larger proportions of these degree recipients 
are electing to stay in the U.S. to pursue their careers. At 
the same time, U.S. citizens with new doctoral degrees 
are going abroad at the same rates as for the past decade. 
At the senior level, U.S. researchers are collaborating 
more internationally. Yet world science is paying some- 
what less attention to U.S. science (at least as indicated by 
citations) than it has in the recent past. 

Young Researchers 

In 1986, a larger share of doctoral recipients in the 
United States were foreign citizens than at any time in the 
last 10 years, and a larger share of them had plans to stay 
and work in the United States. In 1975, 16 percent of 
doctorate recipients were foreign nationals, as compared 
with 21 percent in 1986. (See appendix table 5-20.) Of 
those with firm postgraduation plans, 29 percent in 1972 
planned to stay in the United States, but 52 percent 
planned to do so in 1986. (See appendix table 5-7.) Of this 
latter group, 54 percent were staying for postdoctoral 
research, 26 percent for academic employment, and 17 
percent for industrial employment. In the physical and 
biological sciences, the largest percentages were staying 
for postdoctoral study; in engineering, mathematics, and 
computer science, the largest percentages were going 
directly into academic or industrial employment. 

One-half as many S/E doctorate recipients who were 
U.S. citizens (214) planned to go abroad for postdoctoral 
study in 1983 as the number of foreign recipients who 
planned to stay here (434). (See appendix table 5-21.) The 
percentage of U.S. citizens going abroad for postdoctoral 
study has fluctuated over the years. It reached its high 
point in 1971, when 2.4 percent went abroad. In recent 
years, the share has been much lower, about 1.5 percent. 
In psychology; the trend has clearly been down; in other 
fields, such as agriculture and the social sciences, the 
share seems to be rising. 



International Collaboration 

International collaboration is playing an increasingly 
large role in the production of scientific knowledge. One 
sign of this trend is the increase in academic exchange 
visas granted by the U.S. Government. In 1986, 102,854 
foreign nationals were granted visas to visit universities 
in the United States; this was up 15 percent over 1985, 
and up 52 percent since 1978. (Sep appendix table 5-22.) 

This is also demonstrated by cross-national 
coauthorships in the research literature. U.S. articles that 
were internationally coauthored have made up a larger 
share of the literature every year over the past decade. 
(See figure 5-12.) In 1984, 18 percent of papers with 
authors from more than one institution involved interna- 
tional collaboration, as compared wtth 13 percent in 1973, 
International collaboration increased fastest in the fields 
of engineering and technology (a 58-percent increase in 
the share from 1973 to 1984) and phj^ics (a 48-percen^ 
increase). (See appendix table 5-23.) Researchers at 
FFRDC's were most likely to be involved in international 
coauthorship in 1984, followed by those in universities 
and industry. (See appendix table 5-24.) More than 25 
percent of publications from FFRDC's were interna- 
tionally coauthored, as compared with 18 percent for 
private firms and 16 percent for universities. Industry's 
cress-national collaboration rate is increasing more slow- 
ly than the rates in other sectors. 

The increase in U.S. international collaboration has 
been modest compared with that in other major scientific 
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nations; further, the U.5. level of international collabora- 
tion is relatively low. (See figure 5-13.) In West Germany, 
the United Kingdom, France, and Canada, from one- 
third to one-half of institutionally coauthored publica- 
tions are coauthored with researchers from other nations, 
as compared with about one-fifth in the United States. 
TheU.S. percentage is similar to that for the U.S.S.R. and 
Japan. 

Publications 

The share of the world's literature that comes from the 
United States has been stable for some time at 35 per- 
cent,'^ as have the U.S. shares of world publications in the 
various S/E fields. The fields in which the U.S. produces 
the largest share of the world's publications are earth and 
space sciences (41 percent), clinical medicine (41 per- 
cent), engineering and technology (40 percent), and bio- 
medicine (39 percent). (See appendix table 5-26.) The 
distribution of articles by subfield appears in appendix 
table 5-27. 



*'Thc slight drop in ihc pcrccnUige bclwccn 1980 and 1981 is Ihc 
result of an enlargement of the data base. 



Cross-National Attention 

While international collaboration in the form of 
coauthored papers is increasing, a closer look at the liter- 
ature indicators suggests two further developments in 
the flow of mformation between U.S. and foreign 
researchers. 

First, U.S. authors are paying increasing attention to 
the published work of foreign authors. Between 1974 and 
1984, references in U.S.-authored S/E articles to foreign- 
authored articles increased from 23 percent to more than 
29 percent of all references. (See figure 0-21 in Overview 
and appendix table 5-28.) This pattern holds across all 
broad S/E fields. It is most marked in mathematics, where 
the proportion of references to foreign articles almost 
doubled over the decade. 

Second, while U.S. researchers are increasingly scan- 
ning foreign literatures, world S/E authors are paying 
slightly less attention to U.S. published work. (See ap- 
pendix table 5-29.) The U.S. literature published in 1982 
was cited only about 83 percent as frequently as one 
would expect on the basis of its volume— down from 96 
percent in 1980.-^ U.S. physics, chemistry, and earth and 
space sciences received the most attention from abroad, 
more than 90 percent of what would be expected based 
on the volume of the 1982 published literature. 



' :Fiflure>18r' - ; 

Germah^f/i 

Kingdom 
C'atw!^' 




Jti^'Jsita dife[.i^e i««l«)'»rtlciM/n«^vand teviwrs'lo <5yw 2,100 Innuentla) 

V )s jlut^^^ ^'s<jefl«)lf and f nglwrs tmpon than ow'country. 

*\sw^pM<faU6fe S-isV ; * \, ' .Science &Eh9iflwringln<jrcaidfs*-' 1987 



A Case Study in International Collaboration 

The earth and space sciences illustrate the trends to- 
ward internationalization outlined above. These fields 
also show the growing levels of international activity as 
demonstrated by shared facilities— for example, those 
provided by the Deep Sea Drilling Project (DSDP), the 
world's largest international collaborative venture. 

Both institutional and international coauthorship have 
been rising in the earth sciences. Institutional 
coauthorship rose from 23 percent of all articles in 1973 to 
39 percent in 1984. (See appendix table 4-36.) Interna- 
tionally coauthored articles have risen from 23 percent of 
all institutionally coauthored articles in 1973 to 34 percent 
in 1984. (See appendix table 5-23.) Among the nine most 
active nations in these fields, the U.S. shows the second 
highest level of in-country institutional coauthorship. 
(The highest level is in the Soviet Union.) The U.S., 
however, is also the most frequent partner of the other 
active countries when they coauthor internationally.*'' 

One factor contributing to the increase in international 
coauthorship in these fields is the need to share very 
expensive research equipment. For instance, special 
drilling ships and equipment are needed to drill into the 
ocean floor and retrieve geological information. In 1974, 



Allhuugh Ihis meaburf ut wiirld allenhiin ti. iht mi L' S liU raliirc 
can be vxpcclcd tu ribe bomcwhat when 1985 and 1986 ^\Un^ lilcraUirc 
arc added to ihc dala base, it is still lower than the comparable figure for 
the !980 literature (that ib, the relative citation ratui^ 85^ for the 1^0 
literature as cited by only 1981 and 1982 papers) 
'"Computer Horizons, Inc. (1986). 
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the National Science Foundation's ocean drilling pro- 
gram—which operated such a ship— was interna- 
tionalized. The $40 million annual operating costs of the 
new Deep Sea Drilling Project are now shared among six 
partner countries, including the United Kingdom, West 
Gemiany, Canada, japan, and France. Scientists from 
member countries propose shipboard projects to a selec- 
tion panel, and share the ship and its facilities on its 
research voyages. 

Areas of research in which DSDP results are reported 
show higher levels of international coauthorship than 
appear in the earth sciences as a whole. The 10 areas 
listed in appendix table 5-30 were identified in a bibli- 
ometric data base as some of the ones where results of 



DSDP projects are most promment.^' U.S. authors pub- 
lishing in these areas showed noticeably higher rates of 
international coauthorship in 1983 and 1985 than the 
rates for the earth sciences as a whole in 1982. These data 
are consistent with the notion that the activities of the 
Drilling Project itself encourage international 
collaboration. 



^Tho areas o\ rcsciirch were created I h rough eo-cilalion clustering ot 
tlie Scicmc Citation Areas where the term "deep sea drilling" 

appeared frequenllv 'narlule lilies were chosen foranal>sis. Thesel ot 
research areas is thus intended to illustrate the collaboration rales in 
DSDP research areas, and not to be either comprehensive or 
representative. 
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HIGHLIGHTS 



• bid list ry cmplo\/s about four- fifths of all en^^incers in the 
United States and one-half of all scientists, this includes 
more than three-quarters of all computer specialists 
and more than one-half of all environmental scientists. 
From 1976 to 1986, employment of industrial scientists 
and engineers increased by 8 percent per year, in spite 
of a major recession during this period. (See 
pp. 103-104.) 

• Expenditures for industrial research and development 
(R&D) are j^nnuin^. Total industrial expenditures for 
R&D are estimated at $91 billion for 1987; this repre- 
sents 73 percent of all R&D expenditures in the United 
States. From 1980 to 1987, the average annual increase 
in industrial R&D expenditures was 5.8 percent in 
constant dollars. (See ^. 104.) 

• Private industry has funded more than one-half of all indus- 
trial R&D every year since 1968, and now funds nearly two- 
thirds of the tola). From 1980 to 1985, the annual rate of 
increase in company R&D spending was 5.5 percent in 
constant dollars. Only a 3-percent increase is estimated 
from 1985 to 1986, and a 2-percent increase from 1986 
to 1987. (See pp. 104-105.) 

• The rate of increase of Federal funds for industrial R&D has 
shnved after a period of rapid f^rowth. From 1980 to 1985, 
Federal funds for industrial R&D rose at an annual rate 
of 7.8 percent in constant dollars. The estimated in- 
crease for 1985 to 1986 is 14 percent; however, for 1986 
to 1987, the estimated rate of increase dropped to 3 
percent. (See p. 105.) 

• A*; a f^roup, nonmanufacturin^ industries that perform R&D 
showed considerable employment ^^rowth from 7975 to 19S5. 
During this time, employment rose only slightly in 
high-technology manufacturing. Employment de- 
clined in other manufacturing. (See pp. 105-106.) 

• Between 1980 and 1985, R&D expenditurcb increased es- 
pecially rapidly in hi;^lhteclinolo;^y manufacturing indus- 
tries, the growth rate was 7.6 percent per year in con- 
stant dollars, compared with 2.4 percent per year in 
other manufacturing and 3.9 percent per year in non- 
manufacturing. This increase in high-technology 
spending was largely due to Federal expenditures for 
defense R&D in the aircraft and missiles industry. Such 
expenditures grew annually by 9.3 percent in constant 
dollars during this period. (See p. 106.) 

• The decline in patenting by Americans has stopped, but 
foreign patents in the U.S. continue to increase. The filing 
of successful patent applications by Americans p ?aked 
in 1969 and reached a low point in 1983, with a slight (14 
percent) recovery from 1983 to 1986. Small companies 
receive about 12 percent of U.S. domestic patents; 
universities receive about 2 percent. Successful patent 
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applications by foreigners have increased, currently 
accounting for 46 percent of all U.S. patents. (See 
pp. 106-108.) 

• Japanese patenting in the United States has increased consid- 
erably in recent years, especially in hi;^li-teclinolo;iy M^^^- 
From 1975 to 1986, the Japanese share of U.S.' patent 
grants increased from 8 to 19 percent. This increase 
offset the drop in the American share, particularly in 
the transportation equipment and office, computing, 
and accounting machine fields. In a sample of 13 nar- 
row high-technology fields, the number of Japanese 
patents increased in all fields, and the Japanese share 
increased in all but one. Furthermore, although the 
number of American patents increased in 7 fields, the 
American share decreased in all 13 fields. (See 
pp. 108-110.) 

• Small liiifli-technology businesses have experienced a much 
higher rate of growth during the last decade than has either 
small business employment overall or total employment. In 
some high-technology industries, there was a strong 
trend for successful small firms to leave the pool of 
small businesses, either through internal growth, mer- 
ger, acquisition, or corporate takeover. Consequently, 
firms representing 16 percent of small business em- 
ployment in 1980 in the office, computing, and ac- 
counting machine industry had become parts of medi- 
um'si::ed or large firms by 1984. (See pp. 111-114.) 

• The pool of capital managed by venture capital firms urns 
almost seven times as large in 1986 as it ivas in 1978. 
Venture capital is an important source of funds in the 
expansion of small high-technology companies. In 
1986, new funds made available to venture capitalists 
reached $4.5 billion. Throughout the early 1980's, dis- 
bursements by venture capitalists lagged behind new 
commitments of funds, indicating a growth of the cap- 
ital still available for investment. Firms producing 
computers and computer-related goods and services 
ha\e been popular with venture capitalists, both for 
direct venture capital investments and for venture- 
backed offerings of stock. (See pp. 114-115.) 

• Small business has been particularly important in the bio- 
technology industry. Approximately two-thirds of the 
firms reporting activity in biotechnology employed 
fewer than 1,000 people; about 75 percent of these were 
privately held firms. These firms were concentrated in 
genetic engineering and in biotechnology equipment. 
There are preliminary indications that new firms enter- 
ing the biotechnology field are shifting from the core 
areas of genetic engineering and immunology to such 
specializations as equipment, cell culture tech- 
nologies, and animal biotechnology. (See pp. 115-116.) 

ii3 



In the United Sidles, ab in many olhcr Western coiin- 
Ines, pnvale induslry is Ihe source of technological inno- 
vation and the site of most R&D activity aimed at such 
innovation. This sector is also the principal employer of 
scientists and engineers. 

In terms of expenditures, private industry performs 
about 73 percent of the Nation's R&D. (See figure 6-1.) In 
*' e other four large free-market countries O'lP'in, West 
Germany, France, and the United Kingdom), industry's 
share of the total national R&D is lower, however, that in 
Japan and West Germany is beginning to approach the 
U.S. level. As a source of funds, private indust»y sup- 
ports about one-half of all R&D conducted in the United 
States. (See figure 6-1.) While this is a high level, it is 
exceeded oy countries like West Germany and Japan that 
do not have such large amounts of government-support- 
ed military R&D. 

Current U.S. policy interest is centered on sustaining 
economic growth, and especially on fostering the inter- 
national competitiveness of U.S. industries in both high- 
and low-technology areas. Industrial com.petitiveness af- 
fects such broad economic issues as job creation and 
retention, the rate of inflation, the balance of payments, 
and economic growth. Federal policy attempts to encour- 
age industrial growth and competitiveness in several 
ways. It seeks to promote technological development 
through direct support and tax incentives for R&D ex- 
penditures, and through measures to control inflation, 
improve capital formation, improve the patent system, 
and remove unnecessary Federal regulations. Thus, 
Federal support for basic research — principally at univer- 
sities and colleges, but also at agricultural experiment 
stations, hospitals, and Federal and private laborato- 



lieb— supplies part of the knowledge base for new tech- 
nology. Support for science and engineering (S'lZ) *\1uca 
tion provides the necessary personnel, again primarily 
by way of the university and college sector. Finally, reg- 
ulatory and patenting reforms are intended to improve 
the conditions and incentives for increased industrial 
science and technology (S/T) activities. 

This chapter discusses indicators of recent trends in 
industrial S/T resources and activities related to tech- 
nological innovation. "Input" indicators such as S/E per- 
sonnel, R&D expenditure^, and venture capital outlays 
are presented. This is followed by discussions of trends 
in patenting, the role of small business in innovation, and 
selected measures of technological innovation,' 

SCIENTIFIC AND ENGINEERING PERSONNEL IN 
INDUSTRY 

The past decade has seen dramatic changes in the 
occupational and industrial distribution of the science, 
engineering, and technical workforce in industry. (See 
chapter 3, "Science and Engineering Workforce," pp. 
55-58.) The principal broad features of these changes are. 
(1) the rapid expansion of the nonmanufacturing sector 
which primarily accounted for the increase in S/E em- 
ployment during the decade, and (2) the increasing pro- 
portion of scientists and engineers in the relatively static 
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Figure 6-1. 



Industry funding and performance of R&D, as a percent of total R&D, in selected countries 
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lolnl employmenl growth in the manufacluring indus- 
tries, reflecting an increasingly "hi-tech" workforce in 
this sector. 

hidustry employs about four-fifths of all engineers in 
the United States, and about one-half of all scientists.' 
More than three-quarters of all computer specialists are 
in industry, as are three-fifths of physical scientists and 
more than one-half of all environmental scientists. R&D 
is the primary work activity of about one-fourth of all 
scientists and engineers in industry. While scientists are 
concentrated more in research than in development, the 
opposite is true for engineers. Many scientists and engi- 
neers also engage in other S/T-related activities, such as 
R&D management, teaching, design, testing, produc- 
tion, sales, and inspection. (See appendix table 3-4.) 
Thus, trends in industrial S/E employment reflect shifts 
in the amount and distribution of S/l-related work per- 
formed by industry. 

Over the 1976-86 period, employment of scientists and 
engineers in industry grew— despite a major recession— 
at a rate of 7 percent peryear. (See chapters, "Scienceand 
Engineering Workforce, p. 56.) This suggests not only 
that employment opportunities are increasing in science 
and engineering as compared with other fields, but also 
that industry is becoming more and more reliant on 
science and technology to improve its products, produc- 
tion processes, and services. 

In 1986, industry employed almost 800,000 scientists 
and 1,800,000 engineers. Employment of scientists was 
dominated by computer specialists, while electrical/elec- 
tronics and mechanical engineers were dominant among 
engineers. (See appendix table 3-16.) Since 1976, com- 
puter specialists have shown the greatest growth rate, 
accounting for more than one-half of total employment 
growth in the sciences. By 1986, they made up 40 percent 
ofallscientists in industry. Mathematical scientists, many 
of whom work in computer-related areas, were the sec- 
ond most rapidly increasing group. Within engineering, 
employment of civil engineers showed the most rapid 
growth. 

EXPENDITURES FOR RESEARCH AND 
DEVELOPMENT IN INDUSTRY 

Trends in constant-dollar funds spent on industrial 
R&D are indicators of the level of R&D activity in indus- 
try. Funds for industrial R&D come almost exclusively 
from two sources: private industry itself and the Federal 
Government.^ Total estimated current-dollar expen- 
ditures for industrial R&D have increased markedly in 
the last several years, with $8^> 7 billion estimated for 



-Sec NnUonal Science Foundalion (1985). 

^Thc small anuiunl of fuiuiing Ironi utliur simrLcs, sulIi as Stale 
Governmenls isLOmhincd uilh pnvak uimpan) Uiiuiingin tliu hAiow- 
iiig discussion. Some companies perform "independent research and 
development" (IR&D), i.e., in-iiouso R&D intended to better prepare 
the companies to bid on National Aeronautics and Space Administra- 
tion or Department of Defease projocts Some of these expenditures art? 
later reimbursed by the agency as overhead charges allocated to con- 
tracts. In this chapter, IR&D expenditures are counted as compan\- 
funded R&D. ^ ^ 



1986 and $90.7 billion for 1987. (Sec figure 0-28 m Over- 
view.) This increase represents a 10.7-percent per year 
growth rate from 1980 to 1987 in current dollars. In con- 
stant-dollar terms, total R&D funding in industry has 
risen e\ ery year from 1975 to 1987 at an average rate of 5.4 
percent peryear, between 1980 and 1987, it has grown 5.8 
percent peryear. The 1986-87 increase, however, is esti- 
mated at only 2.5 percent. (See figure 6-2.) 

Total R&D funding in the United States is estimated at 
$124.3 billion in 1987, by this measure, industry performs 
73 percent of the Nation's R&D. About 76 percent of 
funding for industrial R&D is for development, while 
development is only 36 percent of R&D expenditures in 
all other sectors combined. 



Figure 6-2. 

Expenditures for industrial R&D, by source of funds 

(Constant 1982 dollars' In billions) 
$100 




1960 62 64 66 68 70 72 74 76 78 80 82 84 86 87 



'6NP Implicit price detiators used to convert current dollars to constant 1982 doiiafs, 

'Includes all sources other than the Federal Government. 

includes Federally Funded Research and Development Centers administered by Industry 

Note; Prellmtnafy data are shown for 1985 and estimates for 1986 and 1987. 

See appendjx table 6-2, Science & Engineering Indicators - 1987 



Trends in Company Funding 

Both Federal and State Governmentb have been active 
in encouraging technology investmentb by private com- 
panies.* For example, the Federal Government has taken 
measures to stimulate the economy, grant special tax 
credits for R&D, and clarify the restrictions on R&D 
consortia involving competing companies. Testifying to 
the success of such efforts, company funding in 1987 was 



^Seo U.S. Conr,ress, Office of reclinology Assessment (1984) and 
Ntitionnl Governors' Associtihon (1983). Trends m collective industnni 
research in tlv. United States and some other countries are studied m 
llaklisch/ Pusfeld, and Levenson (1984). 
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estimated to be 64 percent of all R&D expenditures in 
industry. (See figure 6-2.) The share of total industrial 
k&D outlays provided by industry first exceeded fund- 
ing provided by the Government in 1968, it has continued 
to increase throughout the 1970s. In tonstant-dollai 
terms, the annual rate of increase in company R&D 
spending was 5.9 percent per year from 1975 to 1985. 
Preliminary data suggest, however, that the average an- 
nual rate of increase from 1985 to 1*^86 will be only 3.2 
percent, and only 2.0 percent from 1986 to 1987. This 
slowing in the rate of increase is attributed to poor sales 
expectations, concerns for short-term profitability, and 
the restructuring of R&D efforts after corporate mergers.' 

A variety of factors contributed to the recent high rate 
of private investment in R&D. In 1984, officials from 
about one-third of a group of large R&D-performing 
companies reported that the Economic Recovery Tax Act, 
which included a 25-percent tax credit for incremental 
R&D expenditures, had favorably influenced their R&D 
budgets.'* Moreover, constant-dollar company R&D ex- 
penditures did not decrease during the recession in the 
early 1980's (as they did in the recessions of 1970-71 and 
1975). Instead, there was actually an increase, spurred by 
companies' concern that foreign competition is steadily 
eroding the U.S. technological lead." A recent study indi- 
cates that R&D contributed significantly toindustrini pro- 
ductivity in both the 1960's and !970's, in spite of the 
overall slowdown in productivity growth and the general 
worry about the possible exhaustion of technological op- 
portunities. Basic research appeared to make an es- 
pecially large contribution. Although Federally financed 
R&D expenditures had a positive effect on productivity, 
private support contributed significantly more.'' 

Trends in Federal Funding 

While constant-dollar company funding for R&D has 
shown an almost uninterrupted increase. Federal fund- 
ing has shown greater variations. Its historic high was in 
1966; after this, cutbacks in many programs (particularly 
those at NASA) led to a steady overall decline that lasted 
until 1975. However, Federal constant-dollar expen- 
ditures for industrial R&D have increased since 1975 at an 
estimated 5.6 percent per year through 1987. (Note, 
however, that the increase from 1986 to 1987 is estimated 
at only 3.2 percent.) The recent increased emphasis on 
defense-related R&D has brought the Federal contribu- 
tion, in constant dollars, back to its 1960's levels. For 
example, in fiscal year 1987, the Department of Defense 
(DoD) is contnbutmg an estimated 85 percent of all 
Federal funding obligations for industrial R&D; m 1980, jt 
only provided 70 percent. 

In addition to de fense, the Government's policy is to 
increase support for civilian-oriented basic research, 
while giving considerably less emphasis to civilian ap- 
plied research or development. From 1980 to 1987, 



''Nalional Science Foundation (1987). 
*See National Science Foundation (1984). 

'liu$we$s Week (1984). This article contains a Jislinj; ul I lie tompanic-s 
with the greatest R&D expenditures. 
«SeeGriliches(l986). 



Federal obligations for industrial basic research -exclud- 
ing DoD funding— increased by 119 percent, while ap- 
plied research obligations increased only 13 percent and 
development obligations decreased by 26 percent. In 
terms of dollar amounts obligated, development remains 
b> far the largest R&D component: in fiscal year 1987, an 
estimated 72 percent of all Federal funding obligations for 
industrial R&D will be for development. 

R&D Expenditures and Employment in Individual 
Industries 

Trends in R&D expenditures vary substantially among 
industries. For purposes of comparison, industries may 
be divided into three general groups: high-technology 
manufacturing, other manufacturing, and nonmanufac- 
turing."* (See figures 0-29 in Overview and 6-3.) This 
division is in accordance with current policy interest in 
high technology, and also reflects the distinction be- 
tween manufactured goods and services. 



Figure 6-3. 

R&D expenditures, by industry group 
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See appendix table 6-3, Science & Enflineerino Indicators - 1987 



High-technology manufacturing industries accounted 
for 76 percent of total R&D funding in 1985. Other man- 
ufacturing industries accounted (or 20 percent, while 



'A list uf thu indi»strk'> tn tath j;ruup is sluiun in appendix table 6-3 
I lij;h-lechnoluj^y induslrtes are idenlitied in terms ol the ratio of their 
K&D expendituies to their net sales. 
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nonmamifacluring (including services) accounted for 
only 4 percent. By comparison, in 1985 only 44 percent of 
total employment in R&D-performing companies was in 
high-technology manufacturing, while 45 percent was in 
other manufacturing, and 12 percent in nonmanufactur- 
ing.'» (See figure 6-4.) 

During the 10-year period from 1975 to 1985, the aver- 
age growth rates of R&D expenditures in the three sectors 
were 5.9 percent per year in high technology, 4.2 percent 
in other manufacturing, and 7.5 percent in nonmanufac- 
turing, in constant-dollar terms." During this interval, 
the growth rate in total employment was 1.1 percent per 
year in high-technology manufacturing, negative in other 
manufacturing, but large in R&D-performing non- 
manufacturing (7. 1 percent per year). This clearly reflects 
the shift in U.S. industry from goods to services. 



Figure 6-4. 

Total employment of R&D-performIng companies, 
by industry 
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Between 1980 and 1985^partly a period of economic 
slowdown— a somewhat different pattern emerged. 
R&D outlays in high-technology manufacturing in" 
creased considerably, rising at a rate of 7.6 percent per 
year in constant dollars. This was far above the increase in 
other manufacturing (2.4 percent per year) and the 3.9- 



•Note that iho nonmanufaciiiring employment figures discussed 
here do not apply to//// nonmanufacturing industries, but only {o those 
nonmanufacturing industries that report R&D expenditures. 

"As noted above, slower increases m luUil industrial R&D lundinj: 
are estimated for 198 . 

'^More than one-h«lf of the R&D expenditures and employment in 
this nonmanufacturing .sector are in electric, gas, and sanitary services; 
computer and data processing services; miscellaneous busine.ss serv- 
ices (which Include computer programming and other software, and 
R&D laboratories and commercial testing laboratories); and engineer- 
ing, architectural, and surveying services The peak year for total em- 
ploymenl in R&D-performing nonmanufacturing was 1981. 



percent per year rise in nonmanufacturing. Employment 
in 1980-85 declined in both high-technology and other 
manufacturing industries (at rates of 1.4 percent and 3.2 
percent per year, respectively) and in nonmanufacturing 
(1.3 percent per year). 

The rapid increase from 1980 to 1985 in high-tech- 
nology manufacturing R&D was partly due to the aircraft 
and missiles industry: Federal R&D expenditures in this 
industry grew at about 56 percent in constant dollars. In 
dollar terms, Federal support accounted for most of this 
industry's R&D growth.'^ Another large increase during 
this period— 51 percent, in constant dollars— was in pri- 
vate R&D expenditures in the chemical industry. (See 
appendix tables 6-5 and 6-6.) 

Since 1980, large percentage increases in Federal sup- 
port have occurred in nonelectric machinery, including 
computers (83 percent); and in communication equip- 
ment (68 percent), which is part of the electric equipment 
industry. Overall, the R&D support received by different 
industries from the Federal Government varies widely, 
ranging from 4 percent for the chemical industry to 76 
percent for the aircraft and missiles industry. (See appen- 
dix table 6-7.) 



PATENTED INVENTIONS 

Industrial R&D produces many benefits for the per- 
forming company, among them a stream of new technical 
inventions that may in turn be embodied in innovations, 
i.e., in new or improved products, processes, and serv- 
ices. While there is no accepted method for directly 
counting such inventions, the patents taken out on new 
inventions can serve as indicators of invention. 

Patenting indicators, while instructive and convenient, 
involve some well-known drawbacks. For instance, many 
inventions are not patented, yct patented inventions are 
implicitly taken to represent all inventions with respect 
to their distributions and rates of increase/decrease. In 
fact, industries vary considerably in their propensity to 
patent inventions rather than hold them as trade secrets. 
For this reason, comparison of patenting rates among 
different technologies or different industries is inadvisa- 
ble. Further, counts of patents treat all counted patents as 
equal, although it is known that patents vary markedly in 
their technical and economic values. In the absence of an 
agreed-upon method for rating patents, however, the 
assumption of their equality is unavoidable. The problem 
of patent quality is further discussed later in this section. 

Inventors and Owners of Inventions Patented in the 
United States 

The U.S. Patent and Trademark Office issues patents to 
both U.S. and foreign inventors. The peak year for pat- 
ents awarded to Americans and for total patents awarded 
was 1971. (See figure 6-5.) The recent low point was in 
1983, but the rise from then to 1986 was a substantial 16 



'^In 1985, the Federal Government paid for 76 percent of the R&D 
expenditures in this industry. Aircraft and missiles companies received 
51 percent of all F-ederal R&D support to industry, and accounted for 8 
percent of all private support. 
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percent f'.. U.S. domestic patenting. Foreign patenting in 
the United States has generally increased between 1970 
and 1986, with c 36-percent increase from 1983 to 1986. 

These trends are open to various mterprolations. If it is 
assumed that a country's domestic patenting is an indica- 
tor of its production of inventions/^ th'^n the production 
of inventions in the United States declined in the 1970's. 
Similar declines were observed in many u.her indus- 
trialized countries, although there were steady increases 
in Japan. On the other hand, patenting by foreign coun- 
tries in a large country like the United Stales may be 
taken as an indicator of the foreign levels of invention.''' 
Under this assumption, the increase of foreign patents in 
the United States would represent a genuine growth in 
foreign inventions. Further, the trend in the mmiber of 
patents may not be the same as the trend in the value of 
those patents. For instance, preliminary studies of pat- 
enting in West Germany, the United Kingdom, and 
France show that the economic value of patents applied 
for in those countries did not drop in the early 1970's, 
even though the total number of patent applications was 
declining.'^ 



''This approach is taken by Schiffcl and Killi (1978) The authors 
conclude that increasing world trade and the possibilities of exporting 
to a large and rich market seem to explain the increased foreign filings of 
patent applications in the United States.Theconclusionsand method of 
this study are critiqued by Bosworth (1980) and Basberg (1983). 

•^his approach, along with the preceding one, is discussed by Pavitt 
(1985). 

»'^ee Griliches, Fhkes, and Hall (1986). These researchers lound the 
distribution of patent values to be very broad and highly .skewed. They 
do not therefore encourage use of patent counts to represent short-run 
changes in R&D output. They also found that the total value of patent 
rights is quite high, but still amounts to only 10 or 15 percent of a 
nation's total expenditure on R&D. Hence, there must be other signifi- 
cant means by which R&D performers seek returns from their 
investment. 



The data in terms of date of patent grant are quite 
irregular from year to year because of fluctuations in the 
rate of patent application processing by the Patent Office. 
To r.move these fluctuation^, granted patents can be 
counted in terms of the year in which each patent was 
applied for. (See figure 6-5.) Tie application dale is 
roughly 2 or 3 years before the year of grant; it is therefore 
closer to the time in which the invention actually look 
place. 

In terms of application date.'^ foreign patenting again 
shows a pattern of fairly steady increase with a few dips 
in 1975 and the early 1980's. From 1983 to 1986, the in- 
crease in foreign patents has been about 8 percent per 
year. Patenting by Americans shows a much more com- 
plicated trend, with a peak in 1969 and a steady decline 
from 1975 to 1983. From 1983 to 1986, there was a slight 
recovery at a rate of about 4 percent per year. 

The patents received by American inventors can be 
further analyzed according lo their class of owner. (See 
figure 6-6.) Inventors who work for private companies or 
for the Government commonly assign ownership of their 
patents to their employer; self-employed invc/itors usu- 
ally retain ownership of their patents. Thus, che owner's 
sector is a good indication of the sector in which the 
mventive work was done. In recent years, about 73 per- 
cent of U.S. patents have been assigned to corporations. 
Trends in corporate-owned patents have been very sim- 
ilar to the overall trends in U.S. patenting discussed 



"Since many of the patent applications filed in recent years have not 
yet been examined by the Patent Office, it is not known how many of 
these will ultimately beconu granted patents An estimate of the ex- 
pected numbei of granted patents can be obtained by multiplying the 
total number of applications for each year by the recent success rate 
These estinuiles are used for patenting rates by date of application 
throughout this chapter. 



Figure 6-5. 

U.S. patents granted, by nationality of inventor 
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Figure 6-6. 

U.S. patents granted te U.S. inventors, by type of owner 
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See appendix table 6-3, 
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above. In all three sectors, the palenling rale was at its 
most recent peak in llie mid-I97()'s, and has been rela- 
tively flat since 1980. 

Data on patenting by corporations include information 
on several kinds of smoll entities— i.e., universities, indi- 
viduals, and sniiill companies— whose patenting pat- 
terns are of interest in their own right. For extimple, 
about 1.4 percent of patents j,ranted to Americans are 
currently assigned to universities. (See chapter 5, "Aca- 
demic R&D and Basic Research: l^tterns of Perform- 
ance," for a discussion of the technical fields in which this 
patenting is concentrated.) Such patenting is encouraged 
by the Uniform Federal Patent Policy Act of 1980 
(amended 1984), which permits nonprofft organix:ations 
and small businesses to retain patent rights for inven- 
tions achieved with Federal grant mone\. In 1986, 030 
patents were granted to U.S. universities and colleges. 
While this represents an increase over earlier years (in 
1976, U.S. universities were assigned onlv345 patents), it 
does not reflect all of the inventive activity that takes 
place at universities. Although university staff and fac- 
ulty may assign their patent rights to their institution, 
they also may sometimes retain the rights as individuals 
or assign them to small companies with which they are 
associated.'** Thus, a fuller picture of academic patenting 
trends is obtained by considering patenting by individu- 
als and small companies. (See table 6-1.) Individuals, 
some of whom have a university affiliation, own about 20 
percent of all U.S. patents. In'addition, small business 



entities have substantial rates of patenting: about 12 per- 
cent of patents awarded in 1986 were owned by small 
companies.''^ Some of this patenting should also be cred- 
ited to academic researchers. 

The patents granted to foreign inventors can be as- 
sessed by country. (See figure 6-7 which shows the four 
largest foreign patenting countries.) Since 1975, Japan 
has been the largest foreign patenting country in terms of 
date of grant. Japanese inventors received 19 percent of 
all patents granted by the U.S. Patent and Trademark 
Office in 1986. The next largest foreign patenting nation 




"Stall or faculty nicnibors ni.n alsi) hionso thnr p.ilcnls tii small or 
larj»o conipanios, licensing; iraiisatlions an- not rolloctod in Iho 
present data. 



Table 6-1. Percent of U.S. patents granted 
to U.S. small en titles 

Colleges and 

y®^^ Snoall business In dividuals universities 

Percent . 

1983 NA 23.0 1.3 

1984 NA 23.2 1.4 

1985 12.6 23.4 1,4 

1986 11.7 24.8 1.7 

SOURCES: U.S. Patent and Trademark Office. TAF Report: Ait T^ch- 
nologios Report (Apnl 1986). TAF Report: A!l Universities (June, 1987) and 
unpublished data 
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wob West Germany, with lOpcrLcnl. Siikc 1980, Japanchc 
palcnlinj» in the United Stales ha.s increa.sed 83 percent, 
the increabe.s for West Gernianv (18 percent), the UK (0 
percent), and France (13 percent) were much le.sb. 

hi terms of patent applications, the results are similar. 
Japanese inventors in 1980 submitted 19 percent ol all 
applications received by the U.S. Patent Office. American 
inventors submitted 53 percent. Since 1980, Japanese 
patent applications have increased by 77 percent, while 
West German applications ha\ e increased b\ 10 percent, 
British applications b) II percent, and French applica 
tions by 17 percent. In contrast, American applications to 
the U.S. Patent Office incre*ised b\ 5 percent from 1980 to 
1986.-^' 

Patenting by Individual Countries in Various 
Technical Fields 

The decline in patenting by Americans from the 
mid-1970s to 1983 occurred in many important technical 
arcMs,^' and may presage a shift in the economiL con 
dition of the corresponding industries. From 1973 to 1980, 
the share of U.S. patents granted to Americans dropped 
from 05 percent to 54 percent. (See appendix table 6 10.) 
Nearly all of this drop is due to the increase of Japanese- 



origin patents. The U.S. share dropped most in the lol 
lowing areas, aircraft and parts, ' motor \ chicles and 
other transportation equipment, and office, Lomputing, 
and accounting machines (including computers). These 
are all fields in which Japanese patenting increased 
markedh. West German inventors increased their share 
of patenting in nonelectrical machinery. In general, the 
other countries have low shares of the patents in all Melds, 
these shares did not change substantiall>. 

The technology areas discussed above art- \er) bri)ad, 
and do not include some specifit technologies of current 
interest. To stud) such technologies, patents were cimi- 
bined into special technologv fields. " Unfortunately, this 
was not practical for some important fields, like bio- 
technology, but 15 fields of interest were developed. (See 
appendix table 6-1 1.) 

U.S. patenting, in terms of counts of patents, increased 
from 1975 to 1986 in 6 of the 15 fields and decreased in the 
others. The share of patents going to Americans de- 
creased in ever) field except genetic engineering. Al- 
though this IS a narrowl) defined field and contains few 
patents, the U.S. share here rosecim.Mdcrabl), increasing 
from 27 to 78 percent. On the other hand, the U.S. share 
of patents in internal combustion engines dropped from 
54 to 28 percent. 



"Data trom tlio U.S. IMtcntand InukMii.irkOUKc, Uiln.l.itiuns. 
ttitcntin^ in tlu-ho tcthnKol *irv»is cshnnilcd In iikmiis uI tlu 
"Concord.incc," ii loinputcr pru^Mni maintaiiKa b\ Uk- U.S. I\iU*iU 
and IradoniarkOnico that converts patent counts Ironi the l*atent Olhvc 
clasMtieation syMeni into patent counts in tt-nnsol hl.inJard Inuti^tn.ii 
Classification (SIC). 



"I he Kir^e Japanese iik rea.se tn this helvl. alon^ uilh motor vehulcs 
and other transportation, .su};>;e.st,s the po.ssihihts that some .uitomotlve 
patents are ille>;)tiniatei\ hein>; vounted as airvrall patents. See LVS. 
I\itent and Trademark Oflieo (mS), pp. 80 SL 

■'hi ihiS vase, the CtUKorvlaiue in as not Used, but I\itv'nt Oflke sub 
classevi wore diroctiv combined to make up the technologies o! interest. 



Figure 6-7 

U.S. pitents granted to foreign inventors, by nationality of inventor 
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The jnpanose share of palenls increased in e\er\ U\h 
nolo^y except ^enelic engineering, and espetiallC in in 
lernal combuslion engines (from 17 percent lo 44 per 
cenl) and in laser lighl sources and delevlors (from 14 
percent lo35 percent). Increased West German partitipa 
tion is seen in lii^ht \\a\e te<.hnoloi;\ and in robots, al 
though the total number of patents in\olved is small, 
increased French activit) is fou»id in nuclear eneri;\. 

Citations from Patents to Previous Patents 

One of the main problems in usin^ patent counts as 
indicators of the volume of technical in\ ention is that not 
all patents are equally sij;nificant. Of the se\era! promis 
in^ approaches to this problem that ha\x» been su^i;ested, 
one involves the use of interpatcnt citations. 

The front pa^e of a patent document ^enerallj <.on 
tains a list of previous patents that ser\e as "prior art/' 
i.e., previous significant achievements in the same field 
of invention that must be taken into account in judging 
the no\elty and .significance of the present in\ ention. 
Such lists of citations therefore indicate \\hi<.h are the 
mosi significant patents in a gi\ en field, patents receiving 
many citations from later patents are presumably more 
technically important than those recei\ing few 
citations."* 

U.S. patent citation data suggest that Japanese patents 
are not only increasingly numerous in the U.S., but that 
they are also of especially high quality (See table ft 2.) 
The patents taken out b\ American in\entors in I07:> had 
received an average of 3.05 citations each bv the end of 
i98f). This was surpassed only by the Japanese patents, 
which received 3.30 citations on a\erage in the same 
periocl. All other countries shown recei\ed a lower 
number of citations. The.se numbers refle ct citations from 



*A sl«J\ o\ tiYhiu»U>>\ii.i!lv iinpDrt.iiil p.Ui»nts shouca (lut ihvv 
Ut-i'ivi'd tuiii ,isiii.in\ lit tlii'Nvi'\«iniiiU'r> *.it.itions.i>ai»vstlu-o\fMj;i- 
IMtoiit. Siv C.irpt'ntiT< N.inn. ,ifHl W^mU tl*^SI). 



U.S, Patent and IradcnarJ^ Office evamincrs who evalu- 
ate patent applications m terms of their signilicanceand 
novelt). These patent examiners accorcled somewhat 
more importance to patents granted to lapancse appli- 
cants in 1^)7^^ than to those granted to Americans. If one 
assumes that American patent examiners would tend to 
prefer citing American patents, then their emphasis on 
Japanese patents becomes all the more striking. 

Patents owMied by U.S, corporations and by foreign 
entities were more often cited by American applicants 
than were patents owned by the U,S, CJovernment or bv 
inciividual Americans, Overall, the patents granted to 
Japanese inventors in 1975 were cited about as often as 
those granted to U.S. corporations — about 3,3 times 
each — on average. Since it is likely that the Japanese 
patents are mostly corporate-owned, it appears that 
those U.S. and Japi^.iese corporate-owned patents taken 
out in the U.S. are of about the same cjuality. This argu- 
ment does not explain, however, whv the patents Ironi 
nationals of other countries are less frecjuently cited. 

It would be helpful to have the rates of citation to more 
recent patents. Unfortunately, since it takes many years 
for a patent to receive all its citations, patents granted in 
recent years have only a small fraction of the eitaJions 
they will eventually have. For patents granted in l9iS3, 
the data cm these incomplete citations show that the 
relative cjuality of Japanese patents was even higher than 
in 1975. (See table 6-2.) Patents w ith U.S, inventors are 
again more Irecjuently cited than those coming from the 
other eight countries, but patents with Japanese inven- 
torsare cited ev en more than patents witli U.S. inventors 
owiK»ci by U.S. corporations. 

The success rate of applications to the U.S. Patent Of- 
fice prcivides supplementary information on the cjuality 
of patents from different countries. (See appendix table 
6-12.) Because of the importance of the United States as a 
market, significant inventions in various countries are 
commonly patented here as well as in their home country 
it there is any chance that they can be exploited in the 
U.S. through trade or licensing. Of the patent applica- 



Table 6-2, Citations from U.S. patents to earlier U.S. patents, by country of inventor or 

sector of owner of cited patents 



Country of inventor 



Year of cited patents 



United 
States 



Japan Netherlands 



United 
Kingdom 



West 
Germany 



Canada Sweden France Switzerland lldy 



1975 . 
1983» 



3.05 
0.68 



3.30 
0.92 



Citations per citable patent- 

2.93 2.87 2.65 2.57 

0.62 0.59 0.59 0.53 



2.46 
0.51 



2.43 
0.58 



2.42 
0.57 



2.41 
0.49 



AH U.S. 
inventors 



Sector of owner, for U.S. Inventors 



U.S. corporations 



U.S. government U.S. individuals 



Foreign owner5 



1975 
1983* 



3.05 
0.68 



Citations per citable patent- 

3.27 2.28 
0.75 0.48 



2.53 
0.47 



3.32 
0.80 



* Those numbers are oxpcctod to increase as more dtatJons are made to 1983 patents In later years. 
SOURCE: Computer Horizons, Inc.. unpuf^hcd tabulations provided to the National Sdcnco Foundation 



Science & Engineering Indicators— 1987 



ERIC 



110 



12, 



lioiis filed in the U.S. I y nalionahs of diff -cnl tounlrics 
in 1975 and 1981,-' Japanese applicanlt> have been par- 
ticularly successful (French applicants in 1973 also had a 
high success rale). These data, of course, are subject to 
various interpretations. For example, the low success rate 
for British and Canadian applicants may be due to the 
common use of English, which makes it easier for them to 
file applications in the U.S., and thereby may lower the 
average quality of the filings. Conceivably, Japanese fil- 
ings are of especially high quality for a similar reason, but 
in any case the data do not support the supposition that 
the large number of Japanese filings is associated with a 
lower average quality. Several foreign countries ha\e 
higher success rates than do American applicants, this 
supports the idea that foreign countries file their most 
important inventions in the United States, rather than a 
uniform selection of their inventions of all qualities."" 

SMALL BUSINESS IN HIGH TECHNOLOGY 

The role of small businesses within the science and 
technology system is ambiguous and controversial. On 
the one hand, they are believed to be disproportionately 
innovative; to be le.*;$ tied to existing products and pro- 
ce.sses than are large, well-established firms; and/or 
offer better incentives to their S/E workers, who are more 
likely to hold substantial ownership inte""<*> ir. their 
work. Small businesses may also be better able to exploit 
small market niches that are ignored by fa;ger firms. On 
the other hand, Ihey are seen as generally lacking <he 
financial, production, and marketing resources of 'arger 
firms; they may also be unable to reduce their exposure to 
through diversification. Furthermore, if a small firm 
docs succeed in identifying and developing a successful 
innovation, it typically must be able to expand its produc- 
tion and marketing efforts rapidly in order to profit from 
its innovation. 

Regardless of whether small businesses are more or 
less innovative than larger firms, theirability to prosper is 
probably a major element in keeping the American econ- 
omy competitive, and in maintaining its ability to de- 
velop, adopt, and diffuse ne\ li^chnologies. The creation 
and growth of small compan based on innovations— 
particularly those marketing new products— provid'* an 
alternative channel for introducing new techivwogies. 
While large enterprises, with their R&D pn*^rams and 
established technical and marketing expertise, will cer- 
tainly continue to provide a major share of the Nation's 
inventions and innovations, there will be circumstances 
wherein the established firm will not be an effective 
vehicle for introducing new technologies The small busi- 
ness alternative is therefore of great interest, although it 
is not always the superior vehicle for innovation. 

No instruments exist for directly meahuring the relative 
effectiveness of small business as an agent for tech- 
nological change. This section therefore concentrates on 
measures of the viability of small firms, particularly in 



-^lus II9SI) IS the last ye.ir for which a Mibslanlial .share applica- 
tions liavo been processed, as of llio end ot 1986. 

''^Tho patent citation data discussei! atxive gave M»me suppurt lu tins 
interpretation* but only v\ the case of Japan. 



high- tech no logy industries. It covers indiditors of binall 
business activity in high-technology indus' y overall, as 
well as detailed information on the financial environment 
for small high-tec!inology enterprise, and information 
about small business in'biotechnolog;., an important 
high-technology area. 

This discu.ssii\i generall) follows the Small Business 
Administration (SISA) rule of describing firms with less 
than 500 employees as small businesses, and tho.se with 
500 or moie employees as medium or large." Definition 
of high-technoiogy'firms is more difficult. For this analy- 
ti^ certain ) roducts or industries first are identified as 
high-te;hnology, then firms producing such goods or 
Lv'ong to such industries are cla.ssified as high*tech- 
no» »gy firms The primary division of industries into 
hi, .vchnology and non-high-technology industries is 
thl L\„^i;-3 classification, based on direct and ulirect 
R&D expenditures attributed to a produC os a percent of 
net ..ah ' . 

Employment \u Small High-Technology Enterprises 

Employment is a useful indicator of the level of activity 
within a sector of the economy. In 1984, small firms in 
high-technology manufacturing industries employed 
more than 710,000 people, up from about 590,000 in 1980. 
In three technology- -elated service industries (computer 
and data processing services; engir eering, architectural, 
and surveying services; and noncommercial educational, 
scientific, and research organi/.ations), another 682,000 
were employed in small firms in 1^4. compared to 
542,000 in 1980. Small firms accounted tor about one- 
quarter of employment in the high-technology manufac- 
turing and technology-related service industries. (See 
table 6-3.) Thi.s is a substantially lower share of employ- 
ment than IS accounted for by small businesses in the 
U.S. economy as a whole. In 1984, small firms accounted 
for 56 percent of all manufacturing industry employment 
in the United State.s/"^ and about 80 percent of employ- 
ment in the private .sector as a whole. (See appendix table 
6-13.) 

Thc^e employment data may understate the role of 
small business in high-technology industry. First, it is not 
surprising that "small business" accounts for a much 
larger share of employment in the rest of the economy 
than in the high-technology sector. The service indus- 
tries in particular are dominated by very small businesses 
(e.g., service stations, restaurants, haircutters, etc.). Sec- 
ond, the identification of high-technology industries is 
based on reported R&D expenditures. Small businesses 



•'The definition i»f small buMnesses umiij; a M/e cutoff, based eiUuv 
on employment or siiles, tkMrl) nuoKes *in 4irbitr.ir\ thoite. The Nclet- 
tiun III a diherenl tutofl wnuld (.eriJinU Jivt tlu trenvis .ind levels 
rtpurted here. In this discussion tlu data arc .uail.ible according; to 
specified cutotfs« which are reasonable—^ if imperfect— indic^f'irs of 
small business status. 

"Indirect \<6i\) expenditures *»re tht .slurt itt K&D expenditures by 
industries Mipptwii]^ the iiidustr> uhuh .in attributeil ti» tht indus 
try. usinj; an input-output table, bi'e U.S Department ol Cimimerce, 
Iiiternalional Trade Adininistralion (I')S3). pp. 33-37. See also the dis- 

uss:iin on \\ 133 of chapter 7, "The International Markets for V S 
Technology" 

"iK-e U.S. Department ol Cummtrcc. lJureau ot theCVnsus(iyKfi). p. 
!k»7. 
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Table 6-3. Employment In high-technology Industries, by size of firm and industry 



Distribution of 
Small firms' employment by 
share of total small high- 
Small firms Large firms employment technology firms 

Industries 1980 1984 1980 1984 1980 1984 1980 1984 

Percent 



High-technology manufacturing 





591,332 


710,421 


2,930,019 


3.195,418 


16.8 


18.2 


52.2 


51.0 


Guided missiles & spacecraft .... 


991 


1,485 


88,839 


100,388 


1.1 


1.5 


0.1 


0.1 


Communications equipment & 




















265,358 


317,882 


965,324 


1,108,090 


21.6 


22.3 


23.4 


22.8 




44,558 


47,147 


507,756 


498,352 


8.1 


8.6 


3.9 


3.4 


Office, computing & accounting 


















machines 


49,898 


86,888 


347,548 


472,815 


12.6 


15.5 


4.4 


6.2 




31,154 


35,228 


1 Qfi 7fiP 


1Q1 OQQ 


1 Q 7 


ICO 


£..1 




Industrial inorganic chemicals . . . 


7,074 


5,437 


54,382 


53.138 


11.5 


9.3 


0.6 


0.4 


Professional & scientific 




















160,134 


184,079 


380,934 


440 763 


29.6 


29.5 


14.1 


13.2 




6,066 


6,813 


172,659 


158,304 


3.4 


4.1 


0.5 


0.5 


Plastic materials & synthetics 


26,099 


25.462 


215,815 


182,269 


10.8 


12.3 


2.3 


1.8 


3Chno!ogy- related service 




















542,032 


682,055 


542,755 


589,622 


50.0 


53.6 


47.8 


49.0 


Computer & data processing 




















150,019 


242,643 


156,037 


241,646 


49.0 


50.1 


13.2 


17.4 


Engineering, architectural & 




















357,529 


403,944 


264,174 


288,799 


57.5 


58.3 


31.5 


29.0 


Noncommercial educational, 


















scientific, and research 




















34,484 


35,468 


122,544 


59,177 


22.0 


37.5 


3.0 


2.5 


II technology-related industries . . . 


1,133,364 


1,392,476 


3,472,774 


3,785,040 


24.6 


26.9 


100.0 


100.0 



^ Firms with less than 500 employees. 

^ Industrie? whose products meet the DOC 3 criteria for high-technology products. See U.S. Department ol Commerce, international Trade Administration, Av\ 
Assessment of U.S. Competitiveness in High Technology Industnes (February, 1983), pp 33«37. 

Service industries identified by the Small Business Administration as high technology, but excluding Business Services. N.E.C and Service Industries, N.E^G. 
SOURCE: U.S. Small Business Administration, Office ot Advocacy, special tabulations 
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arc loss like!) lu hnvc sopiiuilclv budge led K&D cxpcn 
dilurcs, or dislincl R&lD dcpiirlmcnls, Ihtin i\\v kiigii 
firms. The ir^duslrios reporting high R&D ixpendiluics 
may therefore be those dominated by large firms. Third, 
the successful small high technology firm will gonerallv 
grow larger either through internal growth or through 
merger^* with other firms in order to exploit 'its 
innovations. 

One measure of the success of high lechnologv enter 
prise might be the growth of employment in those indus 
tries relative to the rest of the economy. ^' l!mploymenl in 
the technology-related industries was 12 percent higher 
in 1984 than in 1980, while total private sector empkn 
menl grew by about 4 percent. (See table 6 3 and appen 



^'"Mor^cr" isacfiiH'J lu re lnuKludt *illi*i->i's ula u Hit lirjii is juuu J 
w'ith.inotiuT lirni, whotluTtlu' tMnsjction iruolvt's the purch»isOi)l 
tirm InMnolhortircxclwngos oi slock niul otIuT p(u>linj;s of ownorslnp 

''It should ho nolod, liowowr, thnl a siutosslul protoss innovntioii 
iiMV iiUiiKca siimiltaneous iikr",ist' in s.ik's«iiKl rt Juttum in oni(>K)\- 
nu'nl, if iht' assochilfd iiKK«ist in libm [>riidikliuU is siilliiknl 



di\ table (vl3.) IImpk)\ment in small linns m the tech- 
nologv-relaled industnes grew b\ about 2l) percent 
dunng this period, while emplo\ment in all small busi- 
nesses grew by 6 percent. 

The vitality ol the small high-technology business sec- 
tor is e\en more sinking w hen it is considered that some 
of the firms counted as small, high-tc\hnologv enter- 
prises in 1980 had, by 1984, become large firms. Ihus, 
581 firms — whkhin 1980 accounted loralinost 10 percent 
of employment in small business high-technology man- 
ulaclunng establishments — ^were no longer counted as 
small businesses in 1984, either because oi internal 
growth or because merger and accjuisition activilv had 
made *hem parts of larger enteipnses. (See table (v4.) 

The tendency for small businesses to become large 
ones varies considerably among industries. I'or example, 
relatively lew small firms in the tec hnolc)g\ -related serv- 
ice industries grow or merge into large firms. I his is not 
surprising, as largo firms are rekitivelv unimportant in 
these industries, accounting lot about 46 percent ol their 
emplo\ment in 1984, as compaied- oii the t)thei hand— 
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wilh S2 pciwnl in hiv;h-lL'Lhm)li\^\ iiuhuiUk lining uv 
diKslries. (boo lahk'()-3.) In sumo hi^i;h-lcchni)li)v;\ mun 
utaclurini;indiislnc,s, Ihciv isa !airl\ .sIidhv; U'luiuiu) 
small IniMHcsscs lu gain lai\i;c slalus. inms acLoiinlinj:; kn 
lo.l) perconl ot 1980 MiialfbuMnoss cmplo\ moiil in Iho 
)llico, compiilinj;, and atn)unlin*^ machino indiisli> 
woro pari ol larj^c lirms in i%4, as vscru industrial in- 
organiL chcmicaLs tirms (14.5 percent ul l%H) ompUn- 
mcnl), and lirm^s in commiinKalions ei|iiipmenl and ck t 
Ironic Lomponenls and in drui^s and modKines (muie 
lhan 10 porccnl ot hASO emplm menl in each). (See table 
(v4.) 



Ot these loui indiistiii , i)nl\ in Dne amimunica 
tions e*.|uipment and electronic components was small 
business relativeK important, accountinv; !i)r about 20 
percent ol employment in KUh 1980 and 1^8 L In the 
other indu.stiies with Liiilx stioni; tendencies lor small 
iirms to j^rou larj^ei, small business acci)unled lor less 
than 13 percent of industry employment in 1980. It is 
entireK possible, therelore, that the shift i)f these firms 
from small status to larj;e was in respi)nse to factors that 
make a lart;e-si/e firm optimal lor thi)se industries, rather 
than bein^ a demonstration of small businesses' Ilex 
ibility and technological dynamism. On the other hand. 



Table 6-4. Employment of small business,' high-technology establishments that in 1984 were non-small-business, 

high-technology establishments, by industry: 1980, 1984 





1980 Small business 
(SB), high-technology 
(HT) establishments 


1984 non«small«business, high-technology establishments which were 
small-business, high-technology in 1980 


Industries 


1980 

Number Employment 


1980 share of all 1980 

1980 1984^ SB. HT establishments 
Number Employment Number Employment Number Employment 



High-technology manufacturing 

industries' 23,774 

Guided missiles & 

spacecraft 28 

Communications equipment 

& electronic components . 9,934 

Aircraft & parts 1,282 

Office, computing & 

accounting machines — 1 .667 

Drugs & medicines 1,359 

Industrial inorganic 

chemicals 332 

Professional & scientific 

instruments 7,880 

Engines & turbineo 290 

Plastic materials & 

synthetics 1,002 

Technology-related service 

industries^ 45,426 

Computer & data processing 

services 12,268 

Engineering, architectural & 

surveying services 31,526 

Noncommercial educational, 

scientific, and research 

organizations 1.632 

All technology-related 
industries 69,200 

' Rrms with less than 500 employees. 
2 Broken down by 1980 industry 

^ Industnes whose products meet the DOC-3 cntena for high -technology products. See U.S. Department of Commerce, international Trade Administration, An 
Assessment of U.S. Competitiveness in High Technology Industries (February, 1983), pp 33'37, 

** Service industries classified by the Small Business Administration as high technology, but excluding "Business Services, N.E.C and "ServiCj Industries. N.E C 
SOURCE: U.S. Small Business Administration, Olfice ol Advocacy, special tabulations 
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Percent 

591,332 581 52.797 581 88,548 2.4 8.9 

991 1 30 1 50 3.6 3.0 

265,358 261 27,508 261 45.491 2.6 10.4 

44,558 21 2,064 21 2,592 1.6 4.6 

49,898 101 7,986 101 16,340 6.1 16.0 

31,154 38 3,716 38 5,025 2.8 11.9 

7,074 24 1,027 24 1,102 7.2 14.5 

160,134 101 9,281 101 13,924 1.3 5.8 

6,066 2 54 2 39 0.7 0.9 

26,099 32 1,131 32 3,985 3.2 4.3 

542,032 533 27,846 533 40,866 1.2 5.1 

150,019 294 13,059 294 21.442 2.4 8.7 

357,529 227 14,200 227 18,690 0.7 4.0 

34,484 12 587 12 734 0.7 1.7 

1,133,364 1.114 80,643 1.114 129,414 1.6 7.1 
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the share of employment accounted for by small firms 
increased between 1980 and 1984 from 12.6 percent to 
15.5 percent in the office, computing, and accounting 
machine industry; and from 137 to 16.3 percent in the 
drugs and medicines industry. In these industries, small 
businesses seem to be increasingly viable. Furthermore, 
since relatively large numbers of small firms in these 
industries grow to medium- or large-firm status, the 
growth of such small firms seems to follow technological 
or other commercial success. 

Venture Capital and High-Technology Enterprise 

The growth of small businesses and the introduction of 
new products require access to pools of capital. Com- 
pared to larger firms, small businesses— particularly new 
firms that seek to develop and exploit a new tech- 
nology—are handicapped by both the lack of a financial 
track record and a narrow scope of business activities. 
These factors combine to make it difficult for a firm to 
secure traditional financial support, i.e., obtaining bank 
loans orselling equity in the stock markets. In the United 
States, the need for financing for small, innovative firms 
has been at least partially met by a variety of funding 
mechanisms not generally available outside the U.S. 
These include an active venture capital industry (de- 
scribed below), small-firm equity markets — such as the 
NASDAQ listings and markets made by individual stock 
brokerages — and other financing systems, such as per- 
sonal funds, funds from wealthy families and individu- 
als, and trust funds. 

Venture capitalists invest in small, young, rapidly 
growing companies that may not have access to public or 
credit-oriented institutional funding. Their investments 
may be divided into three classes, two of which are of 
primary concern here,^- First, early-stage investments 
support the entrepreneur or inventor up through initial 
commercial manufacturing and sales. Later-stage financ- 
ing supports firms that are producing and shipping, but 
are as yet unable to finance substantial expansions and 
investments in plant. Later-stage financing is typically 
geared toward the sale of stock to the public, known as 
the Initial Public Offering (IPO). Most venture capital 
investments are equity-related, either through direct 
purchase of stock or through options and other equity- 
related arrangements. These investments usually em- 
phasize long-term (5 to 10 years) opportunities, and 
closely involve the investors with the operations of the 
capital recipient, frequently through participation on the 
board of directors. 

In 1985, the pool of capital managed by venture capital 
firms was $24.1 billion, 6.9 times as great as it was in 1978. 
(See appendix table 6-14.) During this period when ven- 
ture capital emerged as a strong source of finance for 
small, innovative firms, new funds made available to 
venture capitalists grew from $600 million in 1978 to $4.5 
billion in 1986. The venture capitalists in turn increased 
their investments (excluding debt lending and financing 



^^Definitions and discu.ssion arc based on Venture Economics Inc. 
(1985). 



for leveraged buyouts) from about $300 million in 1978 to 
some $2.7 billion in 1984, and to S2.4 billion in 1985. (See 
figure 6-8.) 

During the last 3 years studied, new capital commit- 
ments have exceeded disbursements by the venture cap- 
ital industry, even when debt financing and leveraged 
buyout financing are taken into account. There is thus 
apparently a surplus of venture funds seeking outlets in 
new or expanding innovative firms. This surplus could 
dry up as quickly as it appeared: the venture capital 
industry is highly sensitive to the business cycle and to 
changes in tax laws, particularly with respect to the treat- 
ment of long-term capital gains. 

In 1986, early- and later-stage investments combined 
accounted for about 93 percent of all venture capital 
disbursements. (See appendix tables 6-14 and 6-15.) The 
industry producing computers and computer-related 
products and services received the largest share of both 
early- and later-stage investments: this industry received 
$254 million in early-stage financing and $429 million in 
later-stage financing in 1986. Other industries receiving 
substantial venture capital investments were the com- 
munications industries, and those producing electronic 
components and other electronic products (including 
instruments). 

Biotechnology (including recombinant DNA, mono- 
clonal antibodies and hybridomas, and other genetic en- 
gineering) has received smaller, but increasing, amounts 
of venture capital during the years for which data are 
available. In 1984, this industry received about $63 mil- 
lion in early- and later-stage investments; in 1986, it 
received $117 million. Interestingly, biotechnology ven- 
ture capital was more concentrated in later-stage invest- 
ment than for any other industry except industrial equip- 



Figure 6-8, 

Venture capital commitments and disbursements 



(Billions of dollars) 




0 1 « 1 ! 1 1 » ' 

1978 79 80 81 82 83 84 85 86 



•Excluding SBIC straight debt fcndi'ng and fevcraged buyout financing. 

See appendix labfe 6*14. Science & En9ir.*>3nng rmJicaiws - 1987 
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menl, which was an insignificant recipient of venture 
capital. Either the biotechnology industry is experiencing 
a lower rate of new-firm introduction than are some of the 
other— presumably better established—industries (e.g., 
computers, communications, and electronic compo- 
nents), or there are other sources of funds for new en- 
trants that are at present more important than venture 
capital, e.g., investments by large pharmaceutical con- 
cerns. (See appendix table 6-15.) 

Initial Public Offerings are another indicator of the 
financial development of new firms. At this stage, a firm 
IS presumably well enough established— either through 
access to superior technology or through actual produc- 
tion and sales capability— that it can raise money through 
the stock market. The computer and computer-related 
industry received the bulk of investment reported, al- 
though its share was falling: about 54 percent of all ven- 
ture-backea IPO's by small businesses in 1984, and 26 
percent of such IPO's in 1986. IPO's were more heavily 
oriented toward non-high-technology industries (par- 
ticularly consumer goods, but also industrial equipment 
and machinery) than were direct venture capital invest- 
ments, presumably reflecting the greater certainty asso- 
ciated with new firms in industries with well-established 
technologies and product lines. In 1986, there was a 
surge of venture-backed IPO's in biotechnology firms, 
with almost $270 million (or 18 percent of the total capital) 
raised in this fashion. (See appendix table 6-16.) 

Small Business and Biotechnology 

The biotechnology industry is particularly important 
to a study of business — especially small business — in the 
science and technology system. First, it is an industry 
that has a large science component, using techniques 
such as recombinant DNA and hybridomas that are the 
continuing subject of intensive work in university and 
private basic research laboratories. Second, the bio- 
technology industry is one whose leaders have emerged 
from the ranks of small business. Genentech, for exam- 
ple, was formed in 1976, made its IPO in 1980, and by 
1984 still employed only 560; Cetus was formed in 1971, 
made its IPO in 1981, and employed 600 in 1985. "^"^ 

To examine more closely small business' role in the 
biotechnology industry, a commercial data base con- 
taining a large number of firms active in high-technology 
industries was searched. The data base attempts to be all- 
inclusive; when prospective firms are identified, ques- 
tionnaires are sent covering their size, status (private or 
public, independent, subsidiary, or joint venture), year 
formed, and product groups in which they are active. 
The version of the data base used here includes more 
than 12,000 firms. Of these, 380 reported activity— i.e., 
either production, sales, or R&D activity— in the fields 
defined by the data base as biotechnology.^ 



There were 252 independent firms with fewer than 
1,000 employees active in biotechnology in the data base. 
There were also 7 independent firms with more than 
1,000 employees, and 120 firms that were either joint 
ventures or subsidiaries of larger firms, of which 95 re- 
ported fewer than 1,000 employees. Although some of 
the latter firms probably can also be characterized as 
small businesses, it is not practical to separate them from 
the small subsidiaries of medium and large businesses. 
Discussion here therefore concentrates on the 252 small 
independent firms. 

More than one^half of these firms were active in either 
genetic engineering or biotechnology equipment. About 
one-sixth of the firms were active in cell cultures, while 
many were also active in animal biotechnology immu- 
nology, and biomass/biochemicals. (See appendix table 
6-17.) There was relatively little cross-technology activity, 
except between genetic engineering and immunology, 
where 11 firms— almost one-sixth of those firms report- 
ing activity in genetic engineering, and more than one- 
third of the immunology firms — were active in both. 
Perhaps surprisingly, the firms active in biotechnology 
equipment were not highly involved in other 
technologies. 

About one-quarter of the 252 firms were publicly held. 
There is, however, some variation in this: close to 40 
percent of the firms active in immunology were public, as 
were about 30 percen t of the firms in genetic engineering. 
(See figure 6-9.) These technologies are at the heart of the 
biotechnology revolution, encompassing the testing and 



Figure 6-9. 

SmalP firms active in biotechnology, 
by status of firms: 1986 

(Percent) 
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biotechnology j 
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engineering 

Biomass/' 
bioctiemicals 

Blotectinolpgy 
equipment 

Cell cultures 

Animai 
bioteciinology 




^See Dibner (1986), tabic 5.1. 

**Thc dala base used is llic CorpTech data base, provided by Corpo- 
rate Technology Information Services, Inc., Wellesley Hills, MA. See 
appendix table 6-17 for a list of the biotechnology classes used. 



'Rffrts wth fewer Iban 1,000 employees. 

See appendix table 6-18. Science & Engfneerfng Indicators - 1987 
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diagnostics market and the recombinant DNA tech- 
nique. The other technologies described here may be 
more specialized areas that one might expect to develop 
during later stages of the industry's growth. 

The data base reports firm age, based on year o» firm 
founding. The number of small biotechnology firms 
founded annually increased steadily through the late 
1970's, reaching a peak of 40 firms in 1980. New firm 
formation remained at a high level during 1982 and 1983. 
It is not clear whether the smaller number of firms in the 
data base that were formed during 1984 and 1985 indi- 
cates a decrease in the actual formation of new bio- 
technology firms, or if it reflects the time for a firm to be 
included in the data base. Examining the age of firms in 
individual technologies, the rate of new firm formation in 
immunology fell sharply after 1981, when almost one- 
third of the firms active in immunology were formed. The 
number of new firms in genetic engineering has also 
decreased sharply since 1981 and 1982. In contrast, cell 
cultures and animal biotechnology seem to be the subject 
of more recent attention. A large number of firms active 
in biotechnology equipment were formed prior to the 
biotechnology revolution— 29 of the 67 equipment firms 
were formed prior to 1975. This presumably reflects a 
migration of established instrumentation and fermenta- 
tion firms into the new industry. There has also been, 
however, a substantial increase recently in the number of 
new firms active in the equipment industry; this perhaps 
reflects the development of new processes and equip- 
ment in the pursuit of new products. (See appendix table 
6-19.) 

Combining the information about the traded status of 
small firms with that about the firms' ages suggests that 
the biotechnology revolution has in fact reached a stage of 
consolidation, as new firms increasingly move into spe- 
cialized niches (such as animal biotechnology, cell 
cultures, and equipment), leaving the core areas of im- 
munology and genetic engineering to those firms who 
established early leading positions. 

As the data base matures, it should be possible to 
follow in greater detail the evolution of this exciting in- 
dustry, and to extend its use to other new areas. In the 
meantime, analysisof the biotechnology industry should 
be considered as preliminary. 



Innovation and Innovative Efforts Across U.S. 
Industry 

One sur\'ey of 620 manufacturing companies*' permits 
an estimate of the output of new products first marketed 
in 1985.^* (See figure O-30 in Overview.) In terms of 
company size, the smallest companies clearly produced 
the greatest number of new products per million dollars 
of R&D; this is also true of the number of products per 
million dollars of net sales. (See appendix table 6-20.) In 
addition, the number of products per R&D or sales dollar 
decreases uniformly as company size increases. This 
shows that small companies are especially dependent on 
the sale of new products. 

R&D expenditures accounted for about 40 percent of 
the average costs associated with the products first intro- 
duced in 1985. The remaining costs were equally split 
among plant and equipment, production and startup, 
and marketing and advertising.''^ These proportions 
wereabout the same for companies of different sizes. The 
proportion of new product costs attributed to R&D 
ranged from 50 percent in the electrical equipment indus- 
try to 26 percent in the food industry. 

The responding firms reported that new products first 
marketed in the 1981-85 period accounted, on average, 
for 25 percent of 1985 sales.**** In terms of individual 
industries, instrument firms and electrical equipment 
firms reported, on average, that more than 40 percent of 
their 1985 sales were due to such new products, as com- 
pared with slightly more than 10 percent for printing 
companies and food comoanies. Companies with sales of 
$200 million or less reported a greater proportion of sales 
attributable to new products (about 30 percent) than did 
larger companies (about 20 percent). 

The responding firms were divided into three groups 
according to their size and industry. A group of large 
R&D-intensive companies was identified, where each 
company had at least $1 billion in gross annual sales in 
1985 and belonged to an R&D-intensive industry. A 
second group belonged to the same R&D-intensive in- 
dustries, but had gross annual sales between $35 million 
and $1 billion. A third group included companies in both 
size ranges but in the remaining, non-R&D-intensive 
manufacturing industries. 

An important strategy for developing new technology 
is the award of research grants or contracts to univer- 



TECHNOLOGICAL INNOVATION IN INDUSTRY 

The indicators so far considered in this chapter have 
described the resources devoted to innovation (e.g., sci- 
ence and engineering employment), or intermediate 
products (e.g., patented inventions). None of these is a 
valid measure of the output of technological innovation 
produced by these efforts. Such a measure would be 
especially useful to have in view of the current policy 
interest in maintaining and improving U.S. industrial 
competitiveness through the creation and implementa- 
tion of new technology. Innovation as such is unfor- 
tunately difficult to measure, but the results of some 
limited studies are presented in the following 
paragraphs. 



lansen, el al. (1987). 

new product is defined as one — newly produced by the respond- 
ing firm— whose features, performance, or cost is substantially dif- 
ferent from its earlier pruduttb. Thus the pruduLl mny in Jact have been 
produced earlier by another company. 

^H'hc choices offered were. (1) rese<irch nnd development, (2) pur- 
chase, installation, and renovation of pKint «ind equipment, (3) produc- 
tion startup, including trial production runs; and (4) marketing, sales, 
and advertising for new product introduction. 

^Kjtt fhat f'., is a different group of new products from that dis- 
cussed in the I'f' ceding paragraph. 

^hese industries were defined as those with nn R&D/net sales ratio 
of at least 1 percent, in addition to those that annually spend al least SI 
billion on R&D. 
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silios.*" Nearly 80 pcacnt ol the kirgo R&D-intLMisixc 
companies made Mich awards during 1*^)85, as opposed to 
about 30 percent ol the smaller R&D-intensi\e liims and 
less than 25 percent ol the non-R&D-intensive firms. I he 
granting ol such awards was dircLtl) related to Lompans 
M/x% with 100 percent ol firms with gross sales moie than 
$4 billion and less than 15 percent ot those with sales 
below S65 million making R&D grants or contract. . ' 

Many ol the responding firms participate in the \t n- 
ture capital industry by holding eijuit) positions in sepa- 
rate firms providing capital to new technological \en- 
turos. Overall 9 percent of firms leported doing this, 
including 26 percent ot large R&D-intensi\e Lompames, 
6 percent of smaller R&D-intensi\e firms, and 7 percent 
of non-R&D-intensive firms. Similarl), 18 percent of 
large R&D-intensive firms were in\ol\ed in establishiiig 
R&D limited partnerships, either as Imiited or general 
partners. Only 8 percent of the smaller firms did this, and 
only 3 percent of the non-R&D-intensi\e firms. On a\er- 
age, a firm engaged in 1.5 such partnerships. Both \en- 
ture capital investment and invoKement m R&D part- 
nerships are means by which companies intend to exploit 
new technological developments. 

Technological Innovation in Individual Technologies 

For a few technologies, results are available on the 
production of mno\ations o\er a period of time. Esti- 
mates thus can be made ot the rates of innovative output 



'"Mils iiulitdfsJll j*r*inU*iiui uuitrjcls U» L.b. iiislilithoiis to MipjH»rl 
rosotirth sUilt or sUulonts, but *.'\*.luaf,s ^Miils tor nitina^ciiicnt or socuii 
stionco rosotirtli, j*wnts tor liio arts t:iui other purpose's not rilutcd to 
indiiMml rrst\irth, unrt'stntlt'd >;rtiiits tor nsuirtli, tctkliiii};, or stu- 
dent tiid. tind toiisiiltinj; tonlrtkts nitidt* diri'ill\ uith uiuMrsits 
person nol. 

^'University-industry interottionstire discussed tiirther inch«ipter ^, 
"Academic R&D and I3«isic Research. I\itterns ot Pertormance." 



m these teLhnologies and also ol output L]ualily The data 
are based on a sur\e\ ol inno\ations published 'n the 
rele\ant technical journals in the indicated \ears Two 
industries are show n, Lhemicals and textiles. They were 
selcLted because, although producli\ it\ grow th declined 
in the 197()s in the chemiLal industry and increased in 
textiles," pioductn ity trends for both industries seem to 
be largely due to the rate of pioduLtion of inno\ations " 

Chemical technologies are di\ided into chemical prod 
ULts (neu materials), LhemiLal proLcsses, process equip 
ment, and process instruments. (See table 6 5.) These are 
considered the mam t\ pes ot technolog) of interest to the 
chemical industry.' New materials and processes are 
most likel) to come from the industry itself, equipment 
and instrumentation often come from supplier indus- 
tries. There was almost a 90 percent drop in the number 
of product inno\ations from the first period to the sec 
ond. (See table 6-5.) More rele\ant to productivit), there 
was a drop of 17 percent in process innovations, 47 per 
cent in equipment inno\ations, and 39 percent in instru 
ments, which parallels the obser\ed producti\'ity drop. 

Incomplete results i^uggest that man) of the process 
innovations in the second and third periods were pollu- 
tion- and energy-related rather than productivity-en- 



' li)r the method, see Baile\ and Chakral^arli (I^AS3), pp. O09-o39 

' Spe«.ituall\, niulti-t»Klor prodiutiNil) m the <.lH'niiuiI industrN (ud 
jUsted lor liitinges ni «.ap«Kit\ utiliAilion) dropped from 3 10 percent 
pervearui I%3-73t() K9! percent per year in I973-79, returning to 2.53 
percent per vear in 1980-82. hi textiles, the corresponding; mnnl^ers 
were 2.73, 3.56, and 3.38. See IJailev and Chakral\irti (1985), p. 615. 

'Vv IJ»uIe\ and Chakral\irli (198=5), p. 630, lor the data Additioiuil 
reasons are guen tor the prodiuliN its slowdown, nuludinj; a decrease 
tn tiie rute o! output grouth ihut led to undcrutih/ation ot capital in 
utpital-mteiisue industries I he declining rate ol inno\atiNc output 
groutli in turn isdttnl>uted to the Inismess cncIc, loreign competition, 
and higher energy prices. 

' I Ins industr) is delined as Standard Industrial Class 28, excluding 
the drug industry (SIC 283)- 



Table 6-5. Introduction of innovations in chemical technologies 

Chemical Chemical Process 



Period products processes Equipment instruments 

Rate of introduction of innovations 
Average number per year 

1967-73 322.3 39.0 105.0 29.6 

1974-79 39.0 32.3 54.7 18.2 

1980-82 64.0 347 101.3 54.0 

Fraction of innovations that are "radical innovations" 
or "major technical changes" in each period 
. — Percent 

1967-73 0.8 8.1 6.0 14.5 

1974-79 0.4 8.0 0.6 10.1 

1980-82 0.0 6.7 1.3 5.6 



SOURCE: Alok K. Chakrabarti, "Trends in Innovation and Productivity: Ttie case of chemical and textile 
Industries in the U.S.," paper presented at the INSEAD Conference, July 7-9, 1987 
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hancing " Thoso innovations would not ordinaril\ load to 
savings in capital and lahoi; and would not contribute* to 
productivity. The decline in productivity-enhancing pro- 
cess innovations was thus even greater than LS percent. 
The period from l^)cS() to l^)S2 was too shcirt (and too 
turbulent economically) to permit definite conclusions to 
be drawn Still, it seems that a recovery in inno\ ation mav 
have occurred, corresponding to the observed reco\erv 
in productivity. 

Fach of these innovations was also rated bv e\perts in 
terms of its degree of novelty. Four ratings were permit- 
ted* radical innovation, major technical change, impro\e- 
ment of existing technology, and imitation of existing 
technology The two highest ratings were combined in 
order to show trends in high-quality innovations as a 
supplement to the trends in the total'number of innova- 
tions. (See table 6-5.) 

Fxcept for process inntn'ations, the trend is down- 
ward, with each time period showing fewer high-qualitv 
innovations than the previous one. Some of this may be 
because experts rated more recent innovations lower 
since there had not been sufficient time to demonstrate 
the innovations' importance. Still, the general downward 
trend seems to be fairly pronounced. A lower quality of 
process, equipment, and instrument innovations mav 
also have contributed to a lowering of chemical industrv 
productivity— or may do so in the future. 

Within the textile' industry,'^ there was no drop in 
productivity in the I97()'s. This is apparently due to the 
continued introduction of equipment innovations. (See 
table (v6.) Fquipment and instrument innovations usu- 
ally originate with supplier companies, rather than with 
textile companies themselves. Similarly, fiber, finish, and 
dye innovations normally come from chemical com- 
panies. The role of textile mills' own R&D is to adapt 
these innovations tor their own production purposes, to 



hcikr.il\irli (l')S7) 
• I Ins IS dohncd cis SIC 22 



work \\ ith suppliers in ma)ot development ol equipment 
and instruments, and to produce textile process 
innovations. 

Some decrease is shown in process, fiber, and instru- 
ment innovations. Fiber innovations have had a consider- 
able effect on industry productivity in that the newer 
manmade fibers recjuire far fewer processing steps and 
can be spun and woven much more rapidly than natural 
fibers. These productivity-improving libers had alreadv 
been developed before the drop in textile fiber innovation 
in the I97()'s. Moreover, the textile industrv— unlike the 
chemical industrv — has had a relatively low share ol in- 
novations devoted to energy saving and pollution abate- 
ment as opposed to prociuct quality and productivity 
enhancement.''^ This would also tend to promote the 
productivity performance of textiles as compared with 
chemicals. 

A substantial drop is shown in the qualitv of innova- 
tions in fibers and processes. (See table 0-0.) 1his drop 
reinforces that in the total number of innovations. If pro- 
ductivity in this industry has not yet been afiected by 
these trends, it may be in the future.*' 

Since t<*xtile equipment innovc tions are important to 
the productivity of that industry, a separate study was 
done of the origins of recent developments in weaving 
equipment.*^' About 9 percent ol weaving equipment in- 
novations introduced from 1970 to 1984 were by Amer- 
ican companies. (See table 6-7.) About twice as manv 
were from Japan. This is in spite of the fact that the 
meetings at which the new equipment was displayed 
were largely American, so that — if anything — the data 
would favor American equipment. 



'MJcnlev cind C hcikwl\irli p. 

n iio niDsl imporUint innovnhtins troni tlu* sUindpDint o\ produdivi- 
Iv— lliDse reldlod Id oquipnienl nnd instrunionts— unlortuiidtolv lould 
iiDl bo given consisionl rcUiiigs. 

"Dcild \verei)litciiiu'd Irom ci tDlkvlion oi toMiIr trndo show Inilletins. 
See C hnkrcil\irli (IW). 



Table 6-6. Introduction of innovations In textile technologies 



Fibers Dyes Finishes Processes Equipment Instruments 



Rate of introduction of innovations 

Average number per year ■ 

1967-73 15.0 109.1 117.7 16.2 134.5 53 8 

1974-79 10.7 158.2 99.2 14 2 140.5 44.3 

1980-82 3.7 89.0 68.0 9.3 154.3 37 2 



Fraction of innovations that are ''radical innovations" 
or "major technical changes" in each period 

Percent 

1967-73 28.5 0.0 0.2 12.4 — 

1974-79 4.7 0.0 0.3 3.5 — 

1980-82 0.0 0.0 0.0 0.0 — 



SOURCE: Alok K. ChakrabartI, "Trends in Innovation and Productivity: The case of chemical and textile 
industries in the tJ.S.^" paper presented at the INSEAD Conference. July 7-9, 1987 
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Table 6-7. Major weaving equipment innovations 
introduced between 1970 and 1984, by country of 
innovating company 

Country Number of innovations 

Total 152 

Japan 27 

Switzerland 21 

Italy 20 

West Germany 17 

Czechoslovakia 14 

United States 13 

Belgium 11 

Spain 10 

France 6 

United Kingdom 6 

Ireland 5 

Soviet Union 1 

Sweden 1 

SOURCE: Alok K. Chakrabarti. "Trends pn Innovation and Productivity: The 
case ot chemical and textile industries in the U.S..** paper presented at the 
INSEAD Conference. July 7-9. 1987 

Science & Engineering Indicators— 1987 
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Chapter 7 
The International Markets 
for U.S. Technology 



The International Markets for U.S. Technology 



HIGHLIGHTS 



• /;/ 196*6, the United ShUe^ iniiH)rhui more hi^i^li-ivchnohj^i/ 
product than it exported, Iniporli? of higlvlechnology 
products \v* re $75.1 billion, while exports were $72.3 
billion. This was the first time ever that th«» United 
States had experienced a trade deficit in hi^h-tech- 
nology products. (See p. 124.) 

• Exporb make np a lai\^et part o/ the //w/Ar/.s jor U.b. pro- 
ducers of hii^li-teclinolo^if prodiata than jor producerti oj 
hioet-tetlinolo^ii prodnUi In 1984, more than lo percent 
of U.S. high-technology products were exported, com- 
pared to only 5 percent of lower-technology manufac- 
tured products. Exports acctninted for more than 20 
percent of aircraft and parts shipments -n 1984, and 
more than 30 percent of office and computing ma- 
chines shipments. (See p. 124.) 

• Direct investment abroad hi/ U.S. corporations has fallen in 
fval terms since 1980. Furthermore, U.S. direct invest- 
ment abroad has been more evenly distributed among 
host countries, with the United Kingdom and Canada 
receiving lower shares of U.S. direct investment, and 
Japan receiving a larger share. (See pp. 125-126.) 

• rorci^n levemta^'-tompoied of >alci> by U.S. firm nJliliata* 
and U.S. exports— mtike np tdinoi^t one-thiui oj the tottd 
revenues of U.S. hi^h-technolo^i/ producers. Almost one- 
half of the revenues for the office and computing ma- 
chines industry came from foreign operations in 1983, 
with net sales by affiliates (excluding exports from 
parent to affiliate) accounting for more than 30 percent 
of total revenues. By contrast, less than 20 percent of 
total revenues in non-high-lechnology industry were 
accounted for by foreign sales. (See p. 127.) 

• t/.S. receipts and pa\/mcnt$ for the sale of patent licenses have 
remained approximately constant in real terms since 1972. 
Payments have tended to equal about one-fifth the 
level of receipts, showing that U.S. firms have been far 



more active sellers of technology than purchasers. The 
funds received from these transactions are small com- 
pared to other foreign sources of income, totaling 
about one-tenth of 1 percent of total foreign revenues. 
(See pp. 130-131.) 

• 1/5 firms have tended to puichai^e tCilmolo^*}/ liLCUi^e^ from 
Western l:urofK\ and to sell licenses hi japan. In 1982, 
Japanese nationals made more than one-third the pay- 
ments received by U.S. firms, but received only about 
one-sixth the payments by U.S. firms. In contrast, the 
United Kingdom accounted for one-tenth of paj nienls 
to U.S. licensors, but received about one-quarter of 
payments by U.S. firms. The funds received from Japa- 
nese technology purchasers were about eight times as 
great as U.S. technology purchasers from Japan. (See 
pp. 131-132.) 

• The Unitid S/dfcs lontmuci^ to be the woi leadm^s^ exporter 
I)/ pioduiti.. In 1984, the United States 
accounted for more than 26 percent of high-technology 
exports by the world's leading economie.s (about the 
same share as in 1975), Japan accounted (or about 22 
percent of high-technology exports, as compared to 12 
percent in 1975. (See p. 134.) 

• 77/t'L/ S share of the important aircraft and parts and market 
has fallen sharply xvhile its share of the office and computinf^ 
viachines market has increased. In the aircraft industry— 
which accounted for 20 percent of U.S. high-tech- 
nology exports in 1984— the U.S. share of exports fell 
from more than 60 percent in 1975 to 47 percent in 
1984. In contrast, the office and computing machines 
industry accounted for 22 percent of U.S. high-tech- 
nology exports; this represented a growth in the U.S. 
market share from 30 to 36 percent between 1975 and 
1984. (See p. 134.) 



A major share of the U S resoaivh aiul ilevt'lopnuMit 
(KfrD) efloil is accounted lor by private' lirnis using pii 
vate iunds The presumed goal ol these investments in 
science and technology (S 1 ) is to develop a technologic al 
advantage that can be exploited prolilabK through either 
(1) the sale of products and services aiulor the use ol 
processes that perlorm new jobs, or perlorm old jobs 
better or less expensively; (2) the production ol existing 
goods and services at lower cost; or (3) the provision ol 
such technological expertise »o other lirms I ums' 
willingness to undertake e\pensi\ e and riskv R&l) pro- 



grams thus depends in part on their access to markets in 
which the resulting innoNalions can be dillused and ex- 
ploited. This thapter tonsiders indicators that identily 
these markets (nr tethnology, and that show how the 
thannels U.S. Iirms use lor the international dilfusion ol 
technology \ar\ over time and bv industrv. The variaiue 
ol the U.S. experience with that ol other countries also is 
presented. 

The functioning ol international markets \oy science 
and technology is important lor man\ reasons. At the 
most abstract level, welMuncliomng markets and intel- 
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Icclual properly syslcm.s Ihcorclically cncDiiragc an ap- 
proprialc divusion'of clfor* and spcLiali/aliDn al boih Ihc 
nalional and inlcrnalional levels, Ihis proiniUcs a larger 
oulpul of lechnolofiical miprovLMncnls, and uUimalcl\ 
increases Ihe nalional welfare. 

The* ire also more concrete reasons for observ ing the 
channels Ihrough which lechnologies are diffused, first, 
Ihe health of the domestic economy is directl) related to 
the flow of new technologies. This flow is in part a 
lunction of the flexibility of those markets where inno\a- 
tion IS taking place— i.e., markets where new and inv 
proved products, processes, and services are being 
bought and sold. Second, private R&D investment and 
other methods of financing the innovation process de- 
pend on firms' access tt) markets for the resulting new 
products and services, and on their expected success in 
earning sufficient returns on the R&D investments to 
warrant further such investments. Third, the ua\ in 
which a firm takes an inno\ation to market ma\ affect the 
future ability to compete— both fur that firm and for other 
U.S. enterprises. Finally, government policies ma> unin 
tentionally either harm or help an unrelated ST effort b\ 
restricting the markets through which technologies dif 
fuse. For example, policies reflecting the national securit) 
interest in restricting technology transfens to the So\ iet 
bloc may affect the ability of U.S. firms to exploit a tech- 
nological advantage elsewhere in the world. This in turn 
may reduce their willingness and ability to pursue inno- 
vative programs in the futureJ 

The primary goal of this chapter is to bring together 
several data sets that describe the markv-ls for technology 
Many of these data sets serve an important secondary 
function: in describing the activities of U.S. firms in the 
international marketplace*— particularly in the high-tech- 
nology areas— they indicate the strength of U.S. firms 
and of the U.S. economy versus foreign competitors. 

This competitiveness is a difficult but important con 
cept, embodying the widespread concern regarding the 
ability of U.S. producers to export, compete against im- 
ports, and operate successfully in foreign countries. 
Skilled and timely exploitation ol emerging technological 
possibilities clearly contributes to the Nation's competi- 
tiveness by generating lower costs and both new and 
higher-quality products. Note, however, that there are 
other important factors, and that the precise contribu- 
tions of technology, research and devek)pment, work- 
force skills, and other elements cannot easily be sepa- 
rated or quantified. Nonetheless, examining U.S. firms' 
performance in the international marketplace provides 
some indications of the strength, sources of weakness, 
and importance to the total U.S. economy of the Nation's 
S/T system. 

Research and development are expensive activities; 
they require firms to commit substantial resources over 
extended periods of time, and to assume the risk that 
these investments may never produce profits. The fact 
that the business sector supports about one-half of the 
total U.S. R&D effort (see appendix table 4-1) validates 



'See National Academy ol bcieiues (1987). 



the belie! that these investments (1) are necessar> lor 
maintaining Lompetiti\e viabilit\, (2) will imi average 
produie returns at least as high as those available ivom 
alternative in\estments, and O) will sometimes deliver 
dramatic financial returns. 

Profitable international dillusion o! an inmnation 
whether through exports, affiliate sales, or licensing to a 
foreign producer - helps to finaiue and justifv the inno 
vator's R&D expenditures and to stimulate other invest 
ments in the innovation. The lolKm ing section examines 
these three principal channels through which tech 
nological innovations are Lommeiciali/ed and subse 
quentl) transferred and exploited overseas 

THE INTERNATIONAL DIFFUSION OF 
TECHNOLOGY 

As mentioned above, there are three principal chan 
nels lor the mternational diffusion of tcchnologiLal im 
provements. First, man) inmuations take the form of 
goods whuh can be produced in the innovators home 
country and exported. Second, the innovator can invest 
in production facilities overseas to exploit the process' 
product innovation by operating a subsidiary . Third, if 
the innovation is patent protected vr there is a set of 
plans, procedures, drav\ings, etc., enabling an inde 
pendent firm to replicate the innovation tht innovatoi 
may sell licenses to foreign firuis. 

For each of these channels, the following addresses 
three main issues of concern: 

• How successful have U.S. firms been in their efforts to 
exploit technological advantages in the international 
marketplace? 

• Mow has this participation changed in terms of the 
main channels of involvement? 

• Mow does this involvement differ b\ industrv? 



International Trade in High-Technology Products 

Emerson advised that if one can "make a better 
mousetrap than his neighbors, though he builds his 
house in the woods the world will make a beaten path to 
his door." The sale abroad of "better mousetraps" con- 
tinues to provide an important motivation to American 
inventors. Moreover, U.S. success in exporting products 
linked to invention and innovation is a significant indica- 
tor of the strength of the economic ties linking the United 
States to the international S/T system. 

About 43 percent of U.S. exports of manufactured 
products can be classified as high technology. (See ap- 
pendix table 7-1 .) Thus, a great deal of trade is not directly 
linked to R&D, invention, or innovative activity For in- 
stance, the U.S. may retain a competitive edge for some 
products because of such natural advantages as access to 
mineral deposits or a favorable climate; for others, there 
may be a historical advantage in the necessary capital 
equipment; in still other cases, political links to trading 
partners may be significant. 

Ideally, then, to analyze the role of science and tech- 
nology in international trade, the impact of R&D— or 
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measures of other components of the S/T effort-^vvould 
be statistically analyzed to distinguish them from other 
variables affecting trade performance. However, fluctua- 
tions in macroeconomic variables (particularly interest 
rates and exchange rates between U.S. dollars and our 
competitors' currencies) have tended to overwhelm the 
statistical influenrf ol R&D and other variables related to 
the S/r effort.' Il i lerefore becomes necessary to rely on 
somewhat cruder methods. 

Researchers have used a number of means to identifv 
ir Uvidual industries or product groups as "research in- 
tensive," or "high technology." 'Ihese methods usuallv 
employ some measure of the R&D effort undertaken iii 
the industry or product group, normali/.ed for industry 
size/ I lowever, in some industries, the relevant R&D is 
performed internally; in others, firms depend on the 
innovations of those upstream suppliers that provide 
input to their production processes. To address this com- 
plicated technological structure, the U.S. Department of 
Commerce (DOC) uses an input-output table to allocate 
the applied research and development expenditures of 
intermediate-goods producers among the appropriate 
final-goods producers. This allocation, when normali/.ed 
by shipments, permits identification of groups of prod- 
ucts whose total R&D intensity a-e significantly higher 
than that of other products. These product groups are 
known collectively as the DOC-3 l':igh-technologv prod- 
ucts.* (See appendix table 7-2.) 

Until 1986, the United States maintained a consistent 
trade surplus for the identified high-technology product 
groups, while generally importing more than it* exported 
of other manufactured products. Since IV.SO, however, 
the U.S. high-technology trade surplus has declined sub- 
stantially, dropping from about $30 billion (at 1982 
prices') in 1980 to S3 billion in 1983. In I98f>, the United 
States experienced its first trade deficit in high-tech- 
nology products, with exports of S72.5 billion and im- 
ports of S75. 1 billion. (See figure 0-26 in Overview and 
appendix table 7-1.) This deficit reflects the steady in- 
crease in U.S. imports of high-technology products: 
these grew in real terms at an average annual rate of about 
12 percent from 1980 to 1986, while exports remained 
more or less constants 

For all but 1 of the last 16 years, the U.S. has imported 
more than it has exported of products outside the high- 
technology groups; in the last 6 years, this deficit has 
increased sharply as exports have fallen and imports have 
risen» This demonstrates the increasingly competitive 
markets for all U.S. manufactured goods, a condition 
affecting both high-technology producers and— some- 
what less dramatically— the no'n-high-technology sector. 



Seo I Hike .iiul Nolson (1987). 

cnj»ineers employed in KSzD as a poriOMta>;e ol total einplovinoiit are 
two prominent examples ol t!u> approatli. See Boretskv imi) and 
Kelly (1*^76). 

*Svc D.ivis (1982) and U.S. Department of Commerce (198-U 
■^ince there is no deflator ai-ailable speeilicallv lor liiKlMeehni)!o>;v 
trade, nor for exports in general, current-dollaV data iwre atljusted 
iisln^ the Kross national product (GNP) deflator Trends in constant 
dollar terms should therelore be tTcMi,\i as approximations 



There is a continuing shift in the U.b. comparative 
advantage away from traditional manufactures and to- 
ward more R&b-reliant products. However, the tenden- 
cy of high-technology and non-high-technologv trade 
balances to move iii tl'ie same directions (see figure 0-26 
in Overview and appendix table 7-1) reflects the signifi- 
cance of other factors— such as the combination of strong 
demand ^i home, relatively weak demand abroad, and 
the strength of the U.S. dollar vis-a-vis the currencies of 
U.S. competitors— confronting high-technology and 
non-high-technology producers alike. 

Data on trade in high-technology products have been 
used to assess technology's contribution to economic 
competitiveness." But international trade in products is 
more than an arena for testing the efficacy both of U.S. 
innovation and U.S. policies to promote that innovation. 
Trad^» is itself an integral part of the science and tech- 
nology system. As such, it provides a means for tech- 
nology diffusion and for amortizing private investments 
in R&D. To examine trade as a channel for the spread of 
technology, data on trade in high-technology products 
must be analyzed. 

Exports make up a relatively large part of the markets 
for U.S.-produced high-technology goods, compared to 
non-high-technology products. (See figure 0-27 in Over- 
view and appendix table 7-2.) In 1984, the most recent 
year for which data are available, more than 16 percent of 
high-technology shipments were exported, while only 3 
percent of other manufacturing products were sold 
abroad. 

Of all groups of higii-technology products, three- 
aircraft and parts, communications equipment and elec- 
tronic components, and office and computing ma- 
chines— -account for a large and increasing share of all 
high-technology exports (68.1 percent in 1986, up from 
59.9 percent in 1978); as well as of all manufacturing 
products (29.1 percent in 1986, 21.3 percent in 1980). 
Taken together, these three product groups are even 
more dependent upon foreign export markets than are all 
high-technology products combined, with exports ac- 
counting for about 20 percent rf shipments in 1983. (See 
appendix table 7-2.) 

The three product groups also were particularly inten- 
sive in their R&D performance. In 1983, company- 
funded R&D expenditures in the industries as*- KMated 
with these products were about SI9 billion, or almost 37 
percent of the total industry-funded R&D effort in the 
U.S.'^This measure, however, probably understates the 
importance of these industries to the' U.S. commercial 
R&D endeavor, as these industries both provide impor- 
tant markets for various high-technology inputs and en- 
courage R&D expenditures in various supplier 
industries. 

The data suggest that increased commercial R&D ac- 
tivities accompany increased exports. While it cannot be 
concluded that increased R&D leads to increased exports 
(or vice-versa), there are reasons to believe that the two 



'See linan, Quick, and Sandberg {Wi>(}l 

See National btience I-oiintlation, Ri'^itrihuiui Dcivlopninu in ///</i/v 
VV (im). Document is distributed on diskette. 
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are mutually reinforcing. Succcsstul R&D improves com- 
petitiveness in foreign markets, and access to foreign 
markets makes innovative activities potentially more 
profitable; this in turn encourages and provides re- 
sources for private investment in R&D. 

Inlcrnalional Direct Investment 

Possession of a technological advantage does not nec- 
essarily mean that a firm will actively export goods, or 
that the export of goods will be the sole— or even the 
primary — w-rv in which the firm exploits its advantage. 
Radier, technologically advanced firms frequently oper- 
ate foreign subsidiaries and affiliates. For, although ex- 
porting products IS typically an attractive approach to the 
inlernalional marketing of a technological advantage, 
tariffs and other barriers to trade in goods frequently 
make direct investment a more profitable choice." 

The choice of channels for foreign market penetration 
maybe related to the technology's age, with innovations 
initially exploited through exports and production mov- 
ing offshore as the product or process matures." Relative 
costs of production in the U.S. and in foreign countries 
are also a factor: if these costs are substantially lower 
overseas, production will increasingly be transferred to 
the foreign affiliate, and affiliate sales will substitute for 
exports. Overseas direct investment may also be a re- 
sponse to trade barriers— if imports into a country are 
restricted, a firm may instead set up production facilities 
in that country.*" Thus, detailed information on tech- 
nologies' age and other characteristics, production costs, 
and countries' tariffs and other trade barriers would en- 
able assessment of the importance of technological ver- 
sus legal and political infiuences on diffusion channels. 
In the current absence of such detailed information, 
however, analysis of the trade and diffusion ol tech- 
nology and high-technology products is limited. 

The possession of some advantage is a \^ idely acknow ^ 
edged rationale for establishing overseas subsidiaries." 
This advantage may involve access to superior tech- 
nology, or such other firm-specific assets as brand-name 
advantages and distribution networks, these latter are 
not easily sold or otherwise transferred to other firms.'' 

It is typically less costly to transfer technology nntliw 
firms than behiwi firmsJ'The multinational corporation 
that operates production facilities in several countries 
may thus be seen as a vehicle for the international exploi 
tation of a technological advantage. 

Data on international direct investment in manufactur- 
ing-^particularly in high-technology industry— serve a 
similar function to data on trade. First, they'refiect the 
technological advancement of U.S. firms as compared to 
that of foreign rivals. Second, the data refiect the use of 



'See Mnnsfield, Uomco, .ind \Vaj;ner {m% 
Vh? Vernon (iVWij ond Mufloiier (Ww>j tot i-arh tiiscusMuns oi tlu- 
"product o'cle." 
**See Horst (1971), pp. 1059-1072. 

•'C.ives(IVS2), pp. .VI2.ind l^iy-liK), uinMins dtscusstun and nwn> 
references U) theorelic*il and enipiriail work. 
»^St»c Teece (I98(>b), pp, 21-45. 
»^»e Teece (1977). 



this channel (international direct investment) for tech- 
nology diffusion both by U.S. firms abroad and by for- 
eign enterprises operating in the United States. 

The analysis here stresses the activities of multina- 
tional enterprises in manufacturing,'^ !t concentrates op 
the international holdings and operations of U.S. nitn- 
ufacturing enterprises, although some new data on direct 
investment in certain technology-related service indus- 
tries are also explored. 

U.S. Direct luvcMmcut Abroad, The U.S. direc* invest- 
ment position measures the book value of U.S. investors' 
equity in and outstanding debt with affiliated firir.s over- 
seas.*'* It provides an indication of both the level and 
location of this sort of international activity by U.S. firms. 

U.S. holdings of overseas affiliates in the manufactur- 
ing industries increased steadily ui;til the middle of the 
1970's, after which the net worth of these holdings fiuctu- 
ated, declining in real terms since 1980. "'(See figure 7-1). 
This pattern was also followed by the two major industry 
groups comprising the bulk of high-technology activity 
lor which detailed data are available: chemicals and allied 
products and machinery (which combines the machin- 
ery--except electrical— and electric and electronic equip- 
ment industry groups). 

This reduction in the real value of direct investment 
holdings refiects an actual withdrawal o( capital by U.S. 
parent companies, corr.I/ined with a reduced rate of in- 
crease of reinvested earnings, a reduced rate of invest- 
ment in new capital, and capital losses— including those 
due to declines in the net value of the foreign currency 
denominated assets of foreign affiliates.*^ The overall di- 
rect investment position therefore can only be inter- 
preted as a general indicator of the activity level of U.S.- 
based multinationals, and of the potential si/e of this 
channel for the international diffusion of technology. 
After a long period of steady growth, this channel has 
apparently shrunk in the last few years. 

The geographical location of U.S. investments in over- 
seas subsidiaries has changed substantially over the 



M<atuinalcs other ilun lethnolo>;«».i»l i)d^*»nl.i>;c .»rc impuftant fur the 
exi.stence ut nuiltin.ituinal cnlcrpri.sc in tether indu.strie?s lor example, 
the petroleum indu.str) --which accoiinted for »dmost one«(jiiarlerof all 
U.S. direct investment abroad in 1986, but which performs iiltlo K^l>- 
invests abroad prmiarily to gain a-rcess lu crude pelroleum deposits 
only atHiut 15 percent oi its m vestment is related to uhole.sale or retail 
niarkelmK aclivities. See U.S. Department of Gnumerce ( I9i>7b), p H3. 

VVholesaleand retail tradeare two other industr> i;roups where there 
is a high level of U.S. direct investment abroad VVhile this investment 
may be related to the .superior technologies embodied in tl- ^oods that 
the trading aUil„jtes are selling, this technological torn ' tent is ac- 
counted for in measures ol the m.^nufatturing atiixi, *hen these 
j^oc»dsareiKtuall_> produced- either through measiin «»ot C S exports 
of high-technology products (some of which supply the trading affili- 
ates), or in U.S« investments in manufacturing facilities overseas. 

'■^A^filiates" are defined as firms in which the reporting U.S. parent 
holds an interest of at least ID percent, bee U.S. Department of Com- 
merce (lySSa), p. A. 

"•D.i!a are converted into tonstant terms using the GNP deflator As 
the data are already converted into U.S. dollars using the currently 
prevailing exchange rates, which reflect many factors Ixfsides the rela- 
tive changes in prices la the different countries, the use of any single 
U.S. price deflator can onl> approximately correct the effects of 
inflation. 

* See U.S. Department of Commerce (l9S5b), p. 3L 
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Riure 7-1. 

U.S. direct investment position abroad, 
manufacturing industries 
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years. (See figure 7-2.) In 1966, U.S. direct investment in 
Canadian and Britisli affiliates made up almost one-half 
of the total U.S. direct investment position in manufac- 
turing; by 1984, this combined investment had declined 
to 36 percent. West Germany and France each were hosts 
to more than twice as much U.S. direct investment as 
Japan in 1966 for the manufacturing industry as a whole, 
and about twice as much in the machinery and chemical 
industries. By 1984, however, Japan and France received 
similar amounts of U.S. direct investment, while U.S. 
inveslmenls in West Germany continued to increase. 

Operatious of Foreiyu AffiUala^ of U.S. Pnreut Firm. More 
detailed information on overseas direct investment is 
available from a new survey of the operations of both U.S. 
nniUinationals' foreign affiliates and U.S. parent firms. 
This survey covers income statement and balance sheet 
data for parents and affiliates, broken down by industry 
of both parent and affiliate.'^ 

This more detailed by-industry classification permits 
an examination of direct-investment-related activity in 
specific high-technology manufacturing industries, as 



Figure 7-2. 

U.S. direct investment position abroad, distribution 
by tiudi country, major industry groups 
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"^Reports on tlio financini structure and opornlions of non-Kink nlfili- 
ntosoi non-bnnk U S companies were collected from ench firm with a 
non-bank foreign affiliate whose assets, sales, or net income exceeded 
$10 million. In 1984, 1,221 U.S. manufacturing* '".rms reported on the 
activities of mure th«in 11,000 k)reign atlilintcvs. When classitied l>v 
affiliate primary industrial aLtivit), liiorc were (y,H{y^) dihluites in man- 
ufacturing industries, as well as 288 in three technoK)g>-rehited servitt- 
mdustries. See U.S. Department of Commerce (1986a). 



well as in several technology-related service industries. 
In addition, the survey's coverage of current operations 
(income statement data) is closely related to the current 
competitive strengths and weaknesses of the parent and 
affiliate firms, while the balance sheet inrt«rmation (dis- 
cussed above) concentrates on longer-term decisions 
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about tho location and financicil structuro of paront linns' 
foreign activities. 

The discussion here is based on data reported by in- 
dustry ol affiliate for the manufacturing industries corre- 
sponding to the DOC-3 high-technology product 
groups. (See appendix table 7-4.) It also covers three 
technology-related service industries— computer and 
data processing services; research and development and 
testing laboratories; and engineering, architectural, and 
surveying services. Firms in these high-technology man- 
ufacturing and technology-related service industries are 
the ones most closely involved with the international 
marketing of technological advantages. 

Sales of U.S. affiliates can be used to evaluate the 
miportance of the direct investment channel for exploit- 
ing U.S. technological advantages. This is determined by 
calculating the ratio of net affiliate sales to total foreign 
revenue.'*' 

Sales by overseas affiliates comprise a large part of 
overseas revenues for U.S. manufacturing (both high- 
tech nology^'^' and non-high4cchnology) industries. The 
entire "other transportation equipment" direct invest- 
ment industry class (DllQ— which includes aircraft and 
parts, guided missiles and spacecraft, and several other 
transportation industries — accounted for less affiliate 
sales than any of the high-technology industries consid- 
ered here except the engines and turbines industry.-' The 
electronic components and accessories industry and the 
radio, television, and communications equipment indus- 
try also had relatively low net affiliate sales. (See figure 
7-3.) 

Access to foreign markets through direct investment is 
slightly more important for non-high-technolrgy indus- 
tries trade than for that of high-technology industries. 
Sec figure 7-3.) However, in comparing affiliate sales to 

ital corporate revenue," this trend is reversed. In figure 
/ the share of total revenues accounted for by net 
affiliate sales was almost twice as great in the group of 



'"Nol atliliale sales are ailculalcti as aHihalc sales less parent tirm 
exports to at filiates— this avoids counting twice goods exported ior 
resale by affilialt^. The sum of net affiliate sales and exports bv the 
doniehlic industry is a measure o\ the industry's total loreign revenue. 

'*The industries defined here as high-technology are those whose 
direct investment industry classilications (DIIC) correspond to the 
DOC-3 high-technology product groups, with the following excep- 
tions. There are no Dllt's for guided missiles and spacecraft, aircratt 
and parts, or ordnance and accessories. Industrial inorganic chemiLals 
and piastiL materials and s\nthetiLS are ciunbined v\ith iiidu-.tr.al 
urganiL JiemiLals (not a DOC 3 Iiigh-tL'Lhni)lifgv prudutt) to ft»rm thi 
industrial chemicals and s>nthetics DIIC See Davis (U)K2) and V ^ 
Department of Commerce (1985a), pp 439-459 

-*'See U.S. Department ol Commerce (1987b), tables 2 and 17 

-As in the discussion ot higii-teLhnology exports, thu sales hgurt 
used is shipments in SL'leLted industries. lvU\\ Kirti^u rLVtiUits arc the 
sum ot expt»rts i>t the uirrcspunding high teJim^log) prududs plus 
salej; of affiliates operating in the selected high-technology industries, 
minus imports from parents of the surveyed attiliates. The sum ot net 
altiiiatesah s plus exports is then taken as a pertt-ntage iit total revenue. 
This proteuure »s not Liirreet in a strict aLLOunling st ii^e. as the txpurts 
are talLuKited on a product basis, while affilidtes are classified b\ tlieir 
primary economic aclivitv This activity difters in many cases from that 
of the parent companies, which is the classitication ol the :hipments 
data. 



Figure 7-3. 

Sales by foreign affiliates of U.S. 
corporations as a percent of foreign 
revenue: 1984 
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high-technology industries as in other manufacturing 
industries. Moreover, none of the individual high-tech- 
nology industries for u hich data are available receiNed a 
lower share of revenue from affiliate sales than the 11.5 
percent of the non-high-technology manufacturing in- 
dustries. Overseas affiliates are particularly important to 
firms in the offn.e and computing machines and drug and 
mediciiie industries, where net affiliate sales accounted 
for more than 30 percent of total revenue in 1983. 

The importance of foreign markets as a whole to the 
U.S. high-technology enterprise indi<.ated b) compar- 
ing total sales abroad to total domestic sales. In 1984, 
foreign sales, made up of net affiliate sales plus exports, 
were equivalent to almost 32 percent of total shipments in 
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seven high-technology industries, -^^See figure 7-4,) The 
office and computing machines industry led these indus- 
tries with about 48 percent of shipments. The radio, 
television, and communications industry— with 21 per- 
cent of revenues from foreign sources— was the least 
"international" of U.S. high-technology industries. In 
contrast, non-high-technology manufacturing industries 
made only about 16 percent of their sales to foreign 
customers. 

r orcifin Direct Investment in the United States, The United 
States is the world's single largest recipient of interna- 
tional direct investment. In 1984, the U.S. received about 
21 percent of all international direct investment; this was 
primarily from other advanced industrialized econo- 
mies.'' Investment source and industrial location indicate 
the role such investments play in the international diffu- 
sion of technology. For example, do these foreign invest- 
ments in the U.S. correspond to transfers of foreign- 
origin technology into the United States? Is technology a 
less important part of foreign investment in the U.S. than 
it is of U.S. investment overseas? 

In 1986, foreign direct investment holdings in U.S. 
manufacturing industries were worth more than $68 bil- 
lion (at current prices). This represented an increase (in 
real terms) of 38 percent since 1981— an average annual 
growth rate of almost 7 percent. (See appendix table 7-5.) 
The distribution of these holdings by nationality of 
ownership is shown in figure 7-5; the great majority of 
these holdings belong to investors in the advanced in- 
dustrialized countries.'"^ 

Several features stand out in this distribution of hold- 
ings. First, while Japan has experienced great success in 
international competition in general (and in the develop- 
ment of technological expertise in particular), Japanese 
firms account for a very s.*aiall share of total foreign direct 
investment in the United St?^es. Cven in the machinery 
industries (including computers and office machines; ra- 
dio, television, and communications equipment; a*^d 
electronic components and accessories— three industr .3 
where major Japanese participation might be expected 
and which accounted for 52 percent of the foreign direct 



'The aircr.ifl and parls and j;inded missiles and spaa^rall indu,slries 
areexduded from this analysis as data are not available lor af filiate sales 
in these industries. It should be noted that exports alone ol these 
pr(Klucts amount to more than 20 percent of shipments; includmj; 
exports of these products in forei};n revenues, and shipments from 
the e industries in total revenues, leaves the ratio of hi^h-technolo^v 
revenues coming from foreign markets at more than 30 percent (See 
appendix tables 7-2 and 7-5.) 

"'See U.S. Department of Commerce (1984), pp. 45, 61, and updates 
from Office of Trade an»i Investment Analvsis, International Irade 
Administration. 

"The substantial distribution attributed to the Netherlands Antilles 
includes large holdings by investors from other advanced indus- 
trialized countries (including the U.S.). However, even when tracing 
assets to the country of "ultimate beneliual owner,' the Netherlands 
An illes remains an important sotirce of Uireigii direct investment, since 
the majority of investing firms are largely incorporated in the 

>/etherIandsAntilIes,and their ownership cannot be further identified. 
See Shea (I9«(>). 



Figure 7-4. 

Net affiliate sales and total foreign 
revenues of U.S. corporations as a 
percent of total revenue: 1984 
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investment position in machmery in 1986), -"^ Japanese 
investors accounted for only 6.6 percent of 1985 foreign 
investment in the U-S. 

The level of Japanese participation in foreign direct 
investment in the United States mirrors the relatively low 
levels of U.S. direct investment in Japan. This suggests 
cultural, linguistic, legal, or other barriers that block the 
operation of multinational business between the two 
countries. There are a number of other explanations for 

•\See U.S. Deparlinent ol Commerce (IW.i), inble 23, p. 




128 



Figure 7-5. 

Foreign direct investment in the United States in manufactisiing, distribution by country: 1982, 1986 





lliese apparently low levels of inveslmeiil. For inslance, 
some Japanese inveslmenl in manufacturng indus- 
tries — particularly in the automobile industry — is classi- 
fied as wholesale trade. This is because the industrial 
classification methodology is based on the enterprises 
principal activity. Also, foreign direct inveslmenl in Ja- 
pan was— at least until the lale 1970s— restricted b> pol- 
icy; concurrent restrictions on Japan s outflow of capital 
made outside direct inveslmenl more difficult. 

A second important feature of foreign direct invest- 
ment is the relatively small role of Canadian direct invesl- 
menl. (See figure 7-5.) Although Canada is the most 
important host for U.S. direct investment abroad, and in 
spile ol very strong cultural lies between the two coun- 
tries, Canadians own a relatively small share of the for- 
eign direct investment position in tlie United States. In 
contrast, the Netherlands is the largest source of foreign 
direct investment in U.S. manufacturing. This activity is 
broadly spread. Dutch investors account for major shares 
ot the total toreign position in both chemical products 



and machinery. Switzerland is another relatively small 
country with j major position in the United States; Fran- 
ce, on the other hand, is somewhat less active (relative to 
its size) in the United States, particularly in machinery. 

A detailed breakdown b> industry is available for the 
total foreign direct investment position in the United 
States. Foreign investors are not particularly active in 
most of the high-technology industries, with combined 
direct investment holdings of about $26 billion in 1*^86. 
(See figure 7-6 and appendix table 7-6.) More than one- 
half of this investment was in tlie industrial chemicals 
and synthetics industry. Non-high technology indus- 
tries account for almost two thirds of total foreign direct 
investment in U.S. manufacturing industries, and about 
80 percent of the foreign holdings in U.S. service 
industries. 

The two countries that appear to offer the U.S the 
closest competition in global markets for technology- 
West German) and Japan- have smaller presences here 
than would be expected if direct investment in the United 
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Figure 7-6. 

Foreign direct Investment in the U.S. 
manufacturing industries: 1986 
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States were primarily a function of teclinological compet- 
itiveness. Furtliermore, foreign direct investment in tlie 
United States is weighted toward those industries that, at 
least in the United States, are not high-technology. In 
contrast, the pattern of U.S. direct investment abroad 
seems to be strongly related to technological strength, or 
at least to research and development effort. This latter 
correlation is not unexpected, since industries where 
U.S. corporations put their greatest technological 
efforts— the high-technology industries— should offer 
fewer opportunities to foreign firms for profitable direct 
investment in U.S. production facilities. 

Patent Licenses and Technology Agreements 

The preceding sections have concentrated on com- 
merce, primarily related to technology, where the ex- 
ploiting firm has traded on its technological advantage 



without actually selling control of the .echnology to other 
firms. The sale of high-technology products involves the 
export of so-called "embodied technology." These prod- 
ucts were selected because they reflect sii>nificantly great- 
er R&D expenditures— both by the producing industries 
and by industries upstream— than do non-high-tech- 
nology products. The sellers of these goods then trade 
upon the greater sophistication and serviceability of their 
products. In time, other firrii^— both at home and in other 
countries— imitate the innovaiur's techniques, and the 
competitive advantage from technological innovation 
dissipates. Ther^ is thus a transfer of technology through 
two channels: (I) the technology-embodying goods that 
are sold, and (2) the information these goods carry which 
ultimately permits a rival to copy or improve upon them. 

There is also a twofold transfer of technology related to 
direct investment. First, the innovative firm sets up pro- 
duction of its technology-embodying product in the mar- 
ket, creating a transfer of technology analogous to that 
accompanying high-technology product export. Second, 
there is a transfer of "disembodied technology." In setting 
up production facilities, the investing firm brings a pan- 
oply of formal and informal knowledge (know-how) as- 
sociated with the technology's use. This know-how 
ranges from designs and blueprints to production experi- 
ence and knowledge of appropriate marketing strategies. 
As with exporting, there is undoubtedly a leakage of 
technology to the firm's potential rivals. Moreover, the 
wider the distribution of a good, the more likely it is to be 
seen by an imitator, and the more visible the market the 
imitator may hope to capture. 

Exporting and investing abroad are very different ap- 
proaches to the international transfer of technology, and 
are pursued to different degrees in different industries. 
However, both strategies have an important element in 
common: technology leakages to potential competitors 
are not deliberate, and those leakages that do occur are 
largely an inevitable result of succesful marketing. 

Exporting products and investing in production facili- 
ties abroad are not the only way in which firms can profit 
from their technological advantages. Firms also may sim- 
ply sell their rights to an invention, and/or provide tech- 
nical information on an invention's production or use, to 
an independent firm. This latter firm will undertake the 
product's improvement, production, and/or marketing, 
paying license fees and royalties to the original firm; 
these are frequently proportional to product sales. 

Such arrangements have both advantages and draw- 
backs. On the positive side, the firm selling its tech- 
nology may lack access to the resources necessary to fully 
exploit the technology, such as related technologies, raw 
material or capital resources, marketing expertise in the 
relevant country or industry, etc. Furthermore, firms 
may be able to exchange licensee, with other firms, there- 
by gaining access to a new pool of knowledge. 

On the other hand, by selling patent licenses and asso- 
ciated technical information and blueprints, the licensing 
firm makes the potential imitator's job much easier. The 
licensor sells not just technical information, but also par- 
tial control over the technology. Science and technology 
are cumulative, advances typically require mastery of the 
existing art. A cost of patent protection is the information 
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that IS disclosed in the patent document, li a laensc to the 
patent IS also sold, the imitator need mil wait tor patent 
expiration to gain production experience. Additionall\, 
the sale ot nonpatent plans, spcLiliLations, opcMating pio- 
cedures, and soon, turthei acceleiates the imitators mas- 
tery of the existing art. 

lb some extent, firms' receipts and payments of I'irms 
for patents and technical exchange agreements represent 
a pure indicator of technological prowess. Particularly 
between unaffiliated firms — where prices are set through 
^ome market-related bargaining process— they reflect 
only the exchange ol technology, totally separate from 
individual products or a firm s internal characteristics. 
Thus uncluttered by other elements of competitiveness, 
these receipts and payments may be seen correctly as an 
"output" indicatc^r— one of the few statistics describing 
the production and exchange of knowledge. However, 
while the data describing patent license sales and ex- 
changes rellect technological merit, the problems associ- 
lied with the underlying transaction suggest that they 
also be viewed as indicators of constraints upon tech- 
nology transfer channels. 

When possible, it is appropriate to examine receipts 
and payments associated with technology exchanges be- 
tween independent firms, rather than between affiliates, 
since there is no reason to believe that the prices a firm 
sets for its internal transactions bear a close relationship 
to market values. Unfortunately, however, transactions 
between affiliates are not always reported separately 
from those between mdependent firms. When such com 
billed data are used, it should be remembered that they 
may reflect a firm's internal accounting practices as wcW 
as leclinologv transactions between firms. 

Since 1972', both U.S. receipts and U.S. payments *jf 
royalties and fees associated with unaffiliated foreigners 
have remained more or less constant in real terms, re- 
ceipts have fluctuated around $1.5 billion at 1982 prices, 
and payments arounu $300 million. (See appendix table 
7-7.) During the last decade, U.S. receipts for technology 
have generally been about five times as great as 
pay men Is. 

Compared to the other two channels for technology 
diffusion, licensing and other technology agreements are 
quite small, making up less than one-half of I percent of 
total foreign operations in H)84. (See appendix tables 7-4 
and 7-7.) These data, however, represent a pure flow of 
technology. Technology transferred m this way provides 
a nu\ins lor the foreign purchaser to overcome a tech- 
nological lag; at the same time, the purchaser may im- 
prove its cur rent ability to compete, as well as its ability to 
participate in later improvements of the products and/or 
processes involved. Sellers of such technology gain a 
percentage of sales in foreign markets that they may have 
been unwilling or unable to exploit either through ex- 
ports or direct investnient in those markets. 

These bilateral transactions in patent licenses and other 
technology exchange agreements between U.S. firms 
and the unaffiliated nationals of particular countries thus 
provide a useful indication both of the nature of tech- 
nology transfers between the two countries, and of the 
success the countries are experiencing in acquiring — and 
presumably using— the other's technology. 
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There is eonsideiable \ar\Uion in the technological 
relations between the United States and different coun- 
tries. (See llgure 7-7,) Japanese nationals in 1985 made 
more than one-third of the pa\nients received by U.S 
firms, but received onl\ about one-sixth of U.S. pay- 
ments. In contrast, nationals ol the United Kingdom 
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accountod for 8 percent of U.S. technology receipts, but 
received more than 23 percent of U.S. payments. U.S. 
receipts from U.K. nationals were about 55 percent great- 
er than payments to the United Kingdom in 1985; in 
contrast, receipts from Japanese purchasers were more 
than 700 percent greater than payments. Overall, U.S. 
receipts were about 3.5 times as great as U.S. payments. 

Given [he size and strength of the U.S. science and 
technology system, the positive technological balance of 
payments between the United States and the rest of the 
world is not surprising. A surplus between the United 
States and even as technologically sophisticated a coun- 
try as Japan is to be expected; however, the size of the 
U.S. surplus with Japan requires further analysis. Per- 
haps Japanese producers are superior at practical applica- 
tion of ideas and inventions; or U.S. firms are better at 
invention than innovation; or there are legal, political, or 
other obstacles that prevent U.S. producers from putting 
their inventions into practice, and that require the par- 
ticipation of Japanese licensees. There also nviy be other, 
more innocuous, reasons for the strong tendency of U.S. 
inventors to license their technologies in Japan. 

The technology flows between tlie United States and 
Japan, however, are considerably less one-sided than 
they used to be. After accounting for i iflation, U.S. tech- 
nology receipts from unaffiliateJ Japanese entities have 
remained constant since 1972, while the level of pay- 
ments in 1985 was more than 4.5 limes as great as the 1972 
level. 

U.S. payments to technology sellers in the United 
Kingdom are larger than might be expected given the size 
of the British R&D endeavor. In 1983, United Kingdom 
R&D expenditures were less than one-half those made in 
Japan, and about two-thirds the level in West Germany; 
nonetheless, the U.K. was easily the largest recipient of 
U.S. technology payments. (See appendix table 4-1 for 
data on R&D expenditures.) 

The close cultural and linguistic ties between the Unit- 
ed States and the United Kingdom might explain the 
high level of British technology sales. But this explana- 
tion would also predict particularly large technology 
transactions between the United States and Canada, and 
a high level of U.K. purchases of U.S. technology— nei- 
ther of which is in fact the case. For example, U.S. tech- 
nology receipts from the United Kingdom are only one 
and one-half times as great as payments, so that the 
bilateral technological payments between the U.K. and 
the U.S. are closer to balance than are the payments 
between the United States and any other country. 

Japan and the United Kingdom represent the extremes 
of the U.S. technology transaction activity (at least among 
the largest industrialized countries). Comparing these 
two sets of technology transactions shows that the U.S. 
both imports and exports disembodied technology, with- 
out an accompanying flow of goods or investments. 

The total flows of receipts and payments of royalties 
and license fees include both new agreements and those 
made in previous periods which are still in force. A 
history of U.S. inventive strength, and the past 
willingness of U.S. inventors to transfer their technology 
to overseas entrepreneurs, may overshadow current 
efforts by U.S. firms to both import and adopt foreign 



technology, and to use other channels to transfer and 
exploit their own advantages overseas. I he U.S. data 
discussed above do not distinguish between new and old 
technology agreements, and thus may reflect tins slow 
responsiveness to current conditions.' 

To partially rectify this difficulty, there is a recent Ja- 
panese government survey of the technology purchase 
and sale activities of Japanese firms. This has shed light 
on the year-by-year transactions between Japanese and 
U.S. firms (and between Japanese firms and nationals ot 
the other large advanced industrialized countries). While 
these data reflect only some of each year's technology 
transactions between Japan and the rest of the world — 
and of course contain no information about tran^lctlons 
between the United States and countries other than Ja- 
pan—they do provide additional details about the rela- 
tively high level of technology sales made by U.S. firms 
to Japan, as well as U.S. technology purchases from 
Japan. 

'lable 7-1 shows the share of new transactions in the 
total Japanese receipts from sales and payments for pur- 
chases of technology. Improvement in the Japanese tech- 
nology bases should reduce Japanese purchases and in- 
crease Japanese sales relative to their historical levels. In 
fact, although there is considerable year-to-year fluctua- 
tion in the share of Japanese technology receipts and 
payments attributable to new agreements, the tendency 
seems to be in the opposite direction. As new Japanese 
technology purchases have increased (relative to the ex- 
isting level of technology exchange agreements), the val- 
ue of new Japanese technology sales has increased less 
rapidly than has the total of annual Japanese receipts 
from all technology agreements. Thus, there is little evi- 
dence that strong Japanese performance m developing 
commercial technology is being matched by licensing 
that technology to non-Japanese producers abroad, or by 
reduced purchases of technology licenses from foreign 
inventors. 



Table 7-1. New agreements as a percent of total 
technology transfer agreements between Japan 
and the United States and other »najor countries: 
1975, 1980, 19 85 

1975 1980 1985 

Percent 

Technology sales to: 

United States 19 28 14 

Other major countries 58 42 43 

Technology purchases from: 

United States 7 13 n 

Other major countries 8 9 13 

See appendix tables 7-8, 7-9. 
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TECHNOLOGY AND U.S. COMPETITIVENESS 

Science and technology are not only influenced by the 
national and international trading system, but are also a 
source of competitive strength and success within that 
system. The contributions of research and development 
and other S/E activities to the Nation's economic perform- 
ance—specifically to the ability of U.S. producers to com- 
pete in both domestic and international markets— are 
one of the rationales for Federal support of science and 
engineering. By examining data on the marketing of tech- 
nological advantages, this section assesses S/E's contribu- 
tion to trade performance, and identifies areas of U.S. 
strength and weakness as compared to other countries. 

Technological proficiency does not guarantee success 
in the international marketplace. A firm also may need 
-access to attractive financing packages, advertising and 
marketing skills, manufacturing expertise, etc Without 
such complementary assets, better equipped imitating 
firms may be able tc overtake the innovatin^ firm, gain- 
ing the advantage ^ ascribed to being "competitive."^^ 

This section discusses "competitiveness," broadly de- 
fined as the ability of U.S. firms to sell products abroad 
and in domestic markets. Two aspects of competi- 
tiveness—trade and firm— are of particular interest 
Trade competitiveness is narrowly defined as the ability 
of U.S. producers to export and to compete with imports 
in domestic markets. Firm competitiveness refers to the 
ability of U,S. -based firms to compete at home and 
abroad. In both cases, a crucial element of competi- 
tiveness is producers' ability to increase earnings while 
meeting the competition in international market? ^ 

These two types of competitiveness are strongly re- 
lated. The "product cycle" hypothesis suggests that the 
technological innovations that later lead to foreign direct 
investment and overseas production are initiallj^ pro- 
duced and sold domestically, and then exported."' Firm 
competitiveness is thus initially exhibited through trad- 
ing performance (described here as trade competi- 
tiveness). Less directly, the ability to capture domestic 
and export maikets in the early stages of an innovation's 
life— trade competitiveness— may be a necessary con- 
dition for the innovative effort which enhances a firm's 
overall competitive position. 

As mviasures of the strength of the Nation's science and 
technology systcKV the two aspects of competitiveness 
must be treated separately. Trade competitiveness results 
not just from superior technology, but also from those 
factors that determine the market price for goods of a 
given quality In particular, trade competitiveness is 
largely a function of the exchange rates between the 
dollar and the currenciv^s of the other major trading coun- 
tries. Firm competitiveness, on the other hand, is less 
directly related to the Nation's economic health, but has 
stronger ties to technological prowess. (Other factors. 



=^Scc Teccc (1986a), pp. 285-305. 

^''For a related definition which differentiatt- between "corporate 
competitiveness^' and "national competitiveness/ see Cohen. Teece, 
Tyson, and Zysman (1984). p. 2. 

=»Ser Vernon (1966) and f lufbauer (1966). 



oUch as brand-name advantages, labor and marketing 
skills, and managerial excellence, are also relevant.) 

In assessing the competitive btrenglhh and wcakncsseb 
ot U.S. commercial science and technology, changes in 
the overall compelitivenest> (broadly defined) of U.S. 
technology must be distinguished from shifts in the 
channels (discussed above) ut,ed to exploit technological 
advantages internationally. Data on each of the three 
channels are therefore examined, both in lernis of the 
different aspects of competitiveness, and a,s evidence of 
the overall strength of the U.S. commercial S/T system. 

High-Technology Trade Competitiveness 

The combinai:ion of slower growth in U.S. exports of 
high-technology products and the steady increaoe of im- 
ports has led to a dramatic decline in the U.S. high- 
technology trade surplus. Specifically, trade dropped 
from about $31 billion in 1981 (1982 prices) to $3 billion in 
1985, and a deficit of $2.6 billion in 1986. (See figure 0-26 
in Overview.) This stark picture has led to widespread 
concern about a loss of U.S. competitiveness in these 
leading industries. 

There has been a larger loss in U.S. trade competi- 
tiveness in all manufactured products, besides that in the 
high-technology product groups. Whether this implies a 
loss of U.S. technological leadership depends in part on 
whether the product groups described as "high-tech- 
nology" are in fact those closest to the leading edges of 
technology. Since these high-technology product groups 
are defined at the three-digit standard industrial classi- 
hcation (SIC) level, each group contains products of vary- 
ing levels of technological sophistication. A loss in U.S. 
market share in a product group may in fact be an in- 
crease in the volume of the less sophisticated goods in the 
product group, which might be produced primarily in 
other countries. It may also reflect overseas production .^f 
goods that had once been near t*^e leading edge of tech- 
nology, but that are now standardized and can be pro- 
duced offshore. At the same time, a U.S. technological 
lead might exist or be developing in products that lie 
outside those defined as high-technology. 

In the rapidly changing commercial world, all three of 
these explanations apply at various times. The first can be 
described as a loss of U.S. trade competitiveness, without 
implying a loss of U.S. technological leadership, the sec- 
ond IS a consequence of the evolution of products and 
technology. The third entails unobserved strength in 
U.S. commercial science and technology. 

If the U.S. IS indeed losing its technological leadership, 
there should be a shift in market share from the United 
States to its nearest technological competitors— i.e., the 
other advanced industnalized countries of the Organisa- 
tion for Economic Co-operation and Development 
(OECD). A loss of market share in individual high-tech- 
nology products might reflect increased age and stand- 
ardization of the technologies used or included in those 
products, thus permitting more countries to compete 
effectively. Loss of market share in this case need not 
reflect movement of U.S. firms away from the tech- 
nological frontier, but instead, broader participation in 
technology. 
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If, however, the weaker U.S. trade performana in 
high-technology products does reflect a weaker ability to 
perform at the technological frontier, then loss of compet- 
itiveness would be most severe in those product groups 
that most intensively perform and use applied research 
and development By combining analysis of national 
market shares in high-technology products and U.S. per- 
formance with regard to a smaller subset of these prod- 
ucts, the issue of technological leadership can be disen- 
tangled somewhat from the more general issue of the loss 
of U.S. trade competitiveness. 

Since 1965, the United Slates has accounted for be- 
tween 23 and 30 percent of world exports of high-tech- 
nology products.^^ Ir 1984, the latest year for which data 
are available, the United States was still the world's 
largest exporter of high-technology products. Although 
the U.S. share of the world market for high-technology 
goods declined from around 30 percent in the late 1960's 
to about 25 percent in the late 1970's, the U.S. share has 
more recently hovered around 27 percent. (See appendix 
table 7-10.) Furthermore, exports of high-technology 
products have tended to increase for all of the largest 
industrialized economies, although there was a down- 
turn for all countries in the early 1980's, coincident witxi 
economic recessions for the United States and most of its 
trading partners.^^ (See figure 7-8.) 

Thus, in spite of the relatively difficult competitive 
situation that has faced U.S. producers in recent years. 



^'"World exports" are defined here n.s these exports reported tu iha 
United Nations by 14 major countrie.s. (See appendix table 7-10.) 
^'Council of Economic Advisers (1985), pp. 28 and 99. 
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U.S. exporters have been relatively buccebbful at defend- 
ing — and in bume cabes increabing — their market bhares, 
at leabt in relation to their competilorb m the other major 
industrialized countries. 

The market shares discussed here include the bulk of 
the world's trade of high-technology products. However, 
these data omit those "newly industrialized countries" 
(NICs) — e.g., Taiwan, Singapore, South Korea, Brazil, 
and Mexico — that are increabingly active m this area. For 
example, U.S. imports from the East Asian NIC's in- 
creased by more than 115 percent in real terms between 
1980 and 1986, during a period when total U.S. imports of 
high-technology products from all countries grew by 
about 100 percent. In 1986, the East Asian NICs ac- 
counted for about 18 percent of U.S. imports of these 
products, making these countries key participants in at 
least the U.S. high-technology markets."** (See appendix 
table 7-11.) 

In the earlier discussion of trade in high-technology 
products as a channel for the international diffusion of 
technology, three high-technology product groups— air- 
craft and parts, communications equipment and elec- 
tronic componcjnts, and office and computing ma- 
chines — were identified as being both intensively ex- 
ported and intensive in their performance and use of 
applied research and development. U.S. exporters have 
had mixed success in defending their market shares in 
these three product grou'is. While the U.S. share of the 
high-technology product markets as a whole was about 
the same in 1984 as in 1975, it increased in the communi- 
cations equipment and electronic components and office 
and computing machines groups, but fell sharply in the 
aircraft and parts group. (See figure 7-9.) The latter de- 
cline probably largely reflects competition from the West- 
ern European Airbus commercial transports, while the 
other two product groups demonstrate U.S. strength in 
computers and microelectronics. 

It is in these two groups, and in high-technology prod- 
ucts as a whole, that the Japanese challenge is man- 
ifested. Japan maintains the largest market share in com- 
munications equipment and electronic components 
(which includes radio and television equipment, as well 
as more sophisticated electronic circuitry). It also in- 
creased its share of office machines and computers ex- 
ports from 11 percent in 1975, less than either West 
Germany or the United Kingdom, to almost 18 percent in 
1982; this made Japan the second-leading computer ex- 
porter in the world. 

These data provide little evidence of a generalized loss 
of U.S. technological leadership to any particular coun- 
try. Instead, the loss of U.S. trade competitiveness in 
individual are?s is caused by the appearance of strong 
rivals — Western Europe in the au ^raft industry and Japan 
in electronics. There has also been a shift of markets from 
the U.S. to producers from the NIC's, presumably be- 
cause an aging technological base opens a competitive 
advantage for low-cost operations. However, nowhere is 
there a clear loss of U.S. technological leadership, rather. 



'^See U S Department of C )mmerce {mbbh and F inan, Quuk, and 
Sandberg (1986). 
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Figure 7-9. 

Export market shares, selected high-technology 
products 
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Direct Inveslmonl and Firm Compolilivonoss 

Ideally, to analy/o lirm compolilivonoss, Iho prol- 
liability ol U.S. lirms cn^a^od in inlornaiional dirod 
invoslmonl would bo oxaminod in conjunclion with in- 
voslmonl levels or total sales by overseas subsidiaries. In 
the absence of dala on the profitability of direct invosl- 
monl, however, such analysis is limited to comparing 
levels of activity related to direct inveslmonl. Assuming 
thai, overall, such activity moots minimum prolilabilily 
criteria (otherwise it would not bo undertaken), com- 
parisons of direct investments undertaken by nalionalsof 
different countries can help to identify inveslmonl 
changes resulting from firms' compelilive positions 
rather than from broader changes in the inlornaiional 
environment. 

Iho U.S. direct investment position abroad in man- 
ulacluring industries grew steadily until the mid-1 W)s, 
and has declined in real term- since 1^)80. (See figure 7-1 .) 
A similar pattern is appau for the United Stales with 
regard to direct investment overseas in ail industries:^* in 
1984, the U.S. position had fallen by $30 billion (at 1982 
prices) sinro 1981. During the same period, however, the 
direct i^iveslmenl positions of most of the other major 
investing counlries had increased substantially, so thai 
direct investment throughout ll>e world had increased al 
an average rale of about 3.4 peiceril per year (after infla- 
tion) since 1973. (See figure 7-10 and 'appendix (able 
7-13.) The increase in holdings is broadly based; more- 
over, of the countries for which dala are separately avail- 
able, only firms based in Switzerland haxe decreased 
their holdings. 

The slock of inumalional direct investment held by 
developed countries other than the United Stales in- 
crea*;ed by about $73 billion between 1980 and 1984. 
During Ihc same period, foreign direct investments in 
the U.S. from other developed countries increased by 
about $70 Hlliop. As the growth in direct investment 
holdings by firms based outside the United Slates has 
iaken place almost entirely within the United Stales, it is 
possible that U.S. firms are suffo^^'^^ from a climate un- 
favorable to international direct .vestment. There also 
may be conditions that are particularly unfavorable to 
U.S.-based direct investment, or there may be slippage in 
the technological compeliliveness of U.S. firms. While 
nonlechnological conditions for inlernalionni direct in- 
vestment cannot be delineated here, the importance of 
foreign markets to U.S. firms suggests the relevance of 
the question to U.S. science and engineering policy. 

Does the weakening of the U.S. position in interna- 
tional direct investment indicate a weakening of our tech- 
nological compeliliveness, or simply a shrinkage of the 
channels for international marketing of innovations? To 
determine this, it is usefv'l to examine the direct invest- 



"Dat.i on Iho position in ni«ii\iir.uiiiring«irt» not «iv*ii|.ible lor ctninlrios 
other lh<in the United States. 
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Figure 7-10. 
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by ownership of investments 

(Billions 1982 dollars*; 
200 300 400 500 



1973 



1978 



1981 



1984 




'GNP implicit price deflators useo to convert current lo constant doiUrs 

'■'OtKff major Investofs" Includes. Unl.cd Kingdom, Wj;: Ccrrrtany. Japan. SwitzeriarxJ. 

the Netherlands* Canada, and France. 

See appendix taDte M3 Science & Engineering indicators - 1987 



moiil oxporioncos of some of Iho Unilod Stales' mosl 
significanl lochnological conipolilors. 

The share of all inlernalionn' direct iiiveslmenl hold- 
ings owned by U.S. residents fell from 48 percent in 1973 
lo 34 percent in 1984; most of tills reduction occurred 
between 1981 and 1984. (See figure 7-1 l.)The U.K. share 
was more or less constant, while residents of West Ger- 
many increased their share of all holdings from 6 to 9 
percent. Japanese holdings grew from 5 to 8 percent, and 
the shares accounted for by smaller investors rose from 
10 lo 14 percent. 

To some extent, the sharp decline in the U.S. position 
since 1981 reflects changes in the dollar value of U.S. 
holdings overseas. Such holdings generally fall when 
exchange rates climb, as they did during the period in 
question .iowever, the decline in the U.S. share dates 
from before the rc^cont period of a very strong dollar, 
suggesting that other factors besides exchange rates were 
present. 

In particular, since about one-half of the reduced U.S. 
share was taken up by the two countries—Japan and 
West Germany— that are widelv assumed to be the 



strongest technological competitors to the United Stales, 
there is reason lo conclude that reduced firm compeli- 
liveness has contributed lo the reduced U.S. presence. 
If direct investment positions somewhat relied the 
technological positions of a country's firms in the interna- 
tional marketplace, then the substantial growth indirect 
investment coming from the "other countries" (i.e., those 
outside the industrialized countries of the OECD) may 
indicate a broadbased diffusion of technological prowess'. 
This diffusion foreshadows heightened competition in 
all markets in which U.S. firms operate. 



Figure 7-11, 

International direct investment, distribution 
of ownership 
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Chapter 8 
Public Attitudes Toward 
Science and Technology 



Public Attitudes Toward Science and Technology 

HIGHLIGHTS 



• A !>i(myofihciuUilt public in 19S5 found thai 21 percent arc 
"allcnlivc" toscicniCmid tcclnwlos^}/ (Sffh as defined by 
their Knowledge, inlcresl, and n'lformnlion consump- 
tion. This is about twice as many as in the late I95()'s. 
Higher levels of education are the most distinguishing 
feature of attentive people. In nearly every case, their 
attitudes toward science and technology are more 
favorable than the attitudes of others. (See p. 142.) 

• /// $piio of thc$c Icvch ofnt'vntivencii:>, few Anuriciw$ luwc 
much wukrstnndinsi of science and technoloni/, as revealed 
by their understanding, of technical terms and their 
ability to explain how a familiar t'^chnology— tiie tele- 
phone—works. (See p. 143.) 

• Aniericau<: are dissatisfied with the teajn\^ of ^iicuic and 
niathcniatics in their schools, and wii^h to>ee)t inipnwvd. On 
the other hand, Japanese adults in a 1987 survey ex- 
pressed a fair level of satisfaction with their .science and 
mathematics education, but doubted that Japane.se ed- 
ucation is nurturing the individualism and creativity 
that scientists need. (See pp. 145-145.) 

• The public ovcrxvhelnnnsih/ believes that M /V//tV and tcJh 
//o/o^i/ have brousiht more benefits than harmful /f.s////.s. 
However, the number who consider the harmful re- 
suits greater has increased gradually since 1979. The 
areas in which science and technology are seen to be 
most beneficial are mainly medical, technical, and eco- 
nomic Far fewer persons believe that science and tech- 
nology have benefited world peace or moral value.s. 
The Japane.se agree about the relative benefits of sci- 
ence and technology in some of these areas, but on tiie 
whole their assessment is more negative. (See 
pp. 147-148.) 

• 77/e public expects sifiuificaul outcomes from scieuce and 
teclmoh\^ij in the next 25\/ears or so. On the positive side, 
about one-half think it"is very likely that cures will be 
found for cancer and AIDS. There is little expectation 
of an accidental release of a genetically engineered 
microbe. On (he negative side, more than 40 percent 
believe there will be another nuclear plant accident like 
that at Three Mile Island and an accidental release of a 
toxic chemical that will kill many people. The Japanese 
public's expectation of positive results is very smiilar to 
that of the American public. (See pp. 148-150.) 

• Americans arc optimistic almut the effect of scieuce and teclh 
//o%y 0" thJrjobs The Japanese and, especially, the 
Americans agree that science and technology have im- 
proved general working conditions. While most 
Americans also agree that science and technology will 
make work more interesting in tiie future, the Jap- 
anese are almost evenly split on this. (See p. 150.) 



• Americans nreoptumstw about the eltecls of autouu tion and 
the need for it. The Americans and Japanese largely 
agree that automation leads to a loss of some |obs. By a 
small margin, however, Americans believe that the net 
effect of computers and automation is to increase em- 
ployment, The japane.se disagree strongly. The Jap- 
anese cVid— especially— the American publxs believe 
that factory automnhon is necessary to m«.»et foreign 
competition. (See pp. 150-132.) 

• Scientists }iener^" are hts^uh/ re^siarded bxj the public, I-or 
many years, ^ lave ranked second only to doctors 
on a list of prv i/onals in whom the American public 
has confidence. The American, Japane.se, And French 
publics agree that scientists work for the good of hu- 
manity. On the other hand, the Americans and the 
French -but not the Japane.se— agree that .scientists 
have a power that makes them danuerous. (See 
pp. 152-153.) 

• Americans hold maui/ ideas that are outside Ihe scientific 
mainstream. Large minoriiies (between 40 and 50 per- 
cent) believe in IulI^v i-umbers and unidentified flying 
objects (UFOV), and'tluit rocket liuinches have aflected 
the weather. Similar numbers doubt that humans 
evolved from other animal species. People attentive to 
science and technolog) accept UFOs more often than 
others do. About one-quarter of Americans with grad- 
uate degrees believe space activities have affected the 
weather, believe in lucky numbers, and do not believe 
in evolution. Japane.se attitudes are similar on many of 
these questions, except for the wider acceptance of 
evolution by the Japanese. (See pp. 153-155.) 

• About 8 percent of the American public sa/ they act on 
the basis of lluir astrological forecasts. Support for 
astrology is strongest among women, the youn;;c.u 
and oldest age groups, and those with the least educa- 
tion. These groups are generally the v^nes most likely to 
take views opposed in some way to science and tech- 
nology. (See pp. 155-156.) 

• Americans believe Iheir couutrxj is leading the rest of the 
world, except for Japan, in scieuce and techuoU\s^\/, In basic 
science, they believe the United States is ahe jd of West 
Germany, Britain, France, and (less clearly) the Soviet 
Union. By a narrow margin, the United States is con- 
sidered aheau of Japan. With respect to military tech- 
nology, the United States is considered to lead ail these 
countries, but by a relatively narrow margin in the case 
of the Soviet Union. However, in civilian or industria! 
technology Americans believe Japan is definitely 
ahead, while the United States leads the tnher coun- 
tries. (See pp. 157-158.) 
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• lie believe the Umteil S/w/t'.s leihl> m ^^U titcio, but 
place Ihenibclve.s dhcad of the other iuur tuunlricb. In 
basic ociencc and Icchnology and— loa Icb.scr degree— 
in technology related to everyday h\ ing, the) consider 
the United States to be clearK ahead oi them, hi indus 
trial technology, thej consider the United States to be 
ahead, but by a very small margin. (See p. 158.) 

• The public bclieiH*s that science mid techiiolo;^}/ are lon^-i aii;^e 
hivestnients. About 80 percent believe that the govern- 
ment should support scientific research even when it 
brings no immediate benefits. (See p. 158.) 

• The publii h willing; lo allow le^^earJi to^o forwani in many 
areas of interest to nonscientistt\ This includes medical 
research involving animals. Support is weaker for re- 
search that might lead to new life forms, and there is 
clear opposition to research designed to lead to new 
biological or chemical weapons. In those areas where 
comparison is possible, the Japanese are much more 
reluctant about allowing research to be pursued. (See 
pp 158-160.) 

• Anienuvh aie ^^ene^ally i^ati^fied with the level of ^fov- 
einnient le^ulation regarding food jdditives, atomic 
power plant construction, pharmaceutical manufac- 
ture, genetic engineering research, and basic research. 
Except for basic research, the Japanese wish to see 
more regulation of all of these, especially food ad- 
ditives. (See pp. 160-161.) 

• /// tei ofbenefit.s and tu.s/s (or ri:>ki>), the public nai rowhj /.s 
/;/ \avor of the ^\hKe pio^um, s^eneti^ en^ineeiin^, and 
nuclear powet. About one-half the public favors each 
one, but there are corresponding minorities of 40-45 
percent m opposition. People attentive to science and 
technology support the space program and genetic 
engineering research more than the broad public does. 
In the case of nuclear power, however, "attentives" are 
about evenly split for and against. (See pp. 161-162.) 



• I he Spau' Shuttle ChaUen;^ei UiLident did not diminish pub- 
Ik buppon ik'I the iypaw .shuttle pio^i am. In February 1986, 
immediately after the accident, only a minority 
thought the explosion was a major setback for the 
shuttle program. One-half were willing to increase 
Federal funding for the pro.^ram if that were needed to 
get it back on schedule. Nearly everyone believed that 
manned flights would be resumed and that the shuttle 
is still an outstanding example of American tech- 
nology. In June 1986, after the Rogers Commission 
report, there was more acknowledgment of a major 
setback and of major design flaws in the shuttle. Sup- 
port for the program remained high, however. (See 
pp. 162-163.) 

• The accident at the Soviet nuclear power plant at Chernobyl 
provoked general concerns about nuclear power In June 
1986, about a month after the accident, Americans 
blamed the accident on design errors and operator/ 
manager errors. More than 90 percent stated that there 
are still major unanswered questions about the safety 
of nuclear power plants in all countries, and a small 
majority thought that the risk involved in generating 
nuclear power should block the construction of new 
nuclear plants. Still, a small majority believed that the 
world will primarily depend on nuclear sources of 
energy 50 years from now, and a large majority be- 
lieved that science and technology will provide a long- 
term solution to the energy problem. (See pp. 164-165.) 

• The Cliallen^ier and Chernobyl accidents did not erode gener- 
al confidence in i>ciencc and technology. Immediately after 
the Space Shuttle Challenger accident, public support 
for the space program increased. Most measures of 
general public support for science and technology 
went up. By June 1986, support was still higher than 
before the accident. The Chernobyl accident did not 
noticeably affect the publics perception of the risk/ 
benefit balance of nuclear power. (See pp. 163-165.) 



Science and lechnologv deepl\ atlcLl the public 
thn)Ugh siah de\elo|MiieiUs as personal computeis, nu- 
clear pou<r, and the space shullle piogram. Pol 
ic\ makers must knou both it the public undcislandsand 
accepts these developments, and exactly what the public 
knows and believes about science and technolog\ in 
general. Ihis chapter continues and updates eailiei Sn 
enee Indicators explorations of such questions. It also intro- 
duces some subjects not treated before, such as public 
acceptance of scientific conclusions, the public's view ot 
the limits of science, and the eiiecl oi ma|or technok)gical 
accidents on attitudes toward science and technology 

Most ol this material is token from a natii)nal sur\e\ oi 
adults perl\)rmed foi this report in November and De- 



v.ember 1985.' Supplementary survejs were done in Jan- 
uar\ -Febiuarv 1986 and June Jul} 1986, mainl) ti) meas- 
ure the effects on the public of the technological accidents 
involving the Challenger Space Shuttle and the Cher- 
nobyl nuclear reactor. 

For the first time, this chapter also presents an exten- 
sive amount of data trom survevs perfi)rmed in other 

lit Xuvt inln r ,iiui IXu iuIk r, 1% \ .i naluiii«il swnipU 2,00^ ,uiulls 
v\,is jnt^rvKU^'J b\ "Icplionr IrDiii the I\iblK Opinion L.ibor.ilory .il 
Norlhorn Illinois Uni\i*rsil\ ihis pcrirnt ol Ihconj^in.il s,ini- 

pk* ot 2.^tH) With ci sinipk' ol this i*. rosulls .irt' iiruorloin by ♦ 3 
pvru'oUir li'ss, at tlu '^rvpt rii ni ti»iiln.K lui k u I VVUh siibsanipk s, llu' 
utuvrUiiiUv bi >;riaU r I oi ninu Mitoriiuiluih, ^i i Miller ( I9,SS). 
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countries. In particular, a major survey was performed in 
Japan in March 1987 using many of the questions in the 
1985 U.S. survey.^ Data from this study provide an un- 
paralleled opportunity to compare public attitudes in the 
two countries on many important aspects of science and 
technology policy. At the same time, it should be recog- 
nized that the comparison of survey data obtained in 
widely different cultures using quite different languages 
presents problems of method that have only begun to be 
addressed. Hence the conclusions drawn in this chapter 
about attitudes in different countries should only be 
taken as the best information available at the present 
time. 



KNOWLEDGE, INTEREST, AND ATTENTIVENESS 
REGARDING SCIENCE AND TECHNOLOGY 

The public's ability to participate effectively in science- 
and technology-related public issues depends on having 
a certain level of relevant knowledge and interest. Efforts 
have been made to measure and report on such knowl- 
edge and interest regarding both particular issues and 
science and technology in general. 

Attentiveness to Science and Technology 

In this chapter (as in previous Science Indicators re- 
ports), distinctions are made among that portion of the 
public "attentive" to science and technology, an "inter- 
ested" or "potentially attentive" group, and the re- 
mainder of the public. These three groups were identi- 
fied by asking all respondents a set of questions about 
their knowledge of science and technology, their interest 
in science and technology, and their habits of information 
acquisition. Those who scored high on all three measures 
were considered to be attentive.'' These are the members 
of the public most likely to ^^et involved when an issue 
related to science and technology becomes a public con- 
troversy. These persons may, for example, contact legis- 
lators or opinion leaders or write letters to newspaper 
and magazine editors. The attitudes of this group of 
citizens are of special importance not only because or 
their likely participation, but also because they have pre- 



^hc survey was sponsored by the Public Relations Office of Ihc Prime 
Minister's Secretariat. Personal interviewing was done in March 1987 
with 2,334 respondents out or an original sample of 3,000, tor a re- 
sponse rate of 77.8 percent. For a complete report ot this survey, see 
Office of the Prime Minister uf Japan, Public Relations OtfiLe(ly88>. This 
report is being issued simultaneously with Sticncc & Cn^hiixrm^^ Imiiui 
/ori?— IW, and is the source for all Japanese data discussed in this 
chapter. 

^Specifically, respondents were regarded as attentwe it they reported 
bii'ng very interested and ver) well-informed about either new .scien- 
tific discoveries or the use of new inventions and technoK)gies. In 
addition, respondents had to have a pattern of sustained information 
acquisition through the regular use of two or more news sources. Such 
people are considered most likely to keep up with science- and tech- 
nology-related issues. In measuring attentiveness the respondents' 
self-reported knowledge was used instead of testing their actual knowl- 
edge Since altentivene.ss serves as an indicator of willingness to be- 
come involved politically, self-rerceived knowledge is more important 
for this purpose than actual knowledge. See Miller (1983a). 



sumably thought more about the science- and tech- 
nology-related issue than have other citizens, and there- 
fore are more likely to express stable attitudes in which 
they have confidence when asked questions about sci- 
ence and technology. 

A second group of respondents is defined as interested 
rather than attentive because it meets the interest con- 
dition but not the knowledge and information acquisition 
conditions for being recognized as attentive. Members of 
this group are considered potentially attentive because 
they presumably would be willing to acquire information 
and become attentive under certain conditions.^ This is 
thus an especially suitable group to which to address 
science and technology information programs. 

The third group, the remaining public, is the group most 
likely to report opinions that are easily changed and that 
these respondents themselves do not consider well 
grounded. However, this group's views about science 
and technology are also important — not only because 
this group is so large, but also because under special 
circumstances its members too may be stirred into action 
by some situation that affects them directly. 

Science and technology is only one of the many fields 
to which an intelligent and busy pe-'son can pay atten- 
tion. This model therefore does not imply that everyone 
t ught to be attentive to science and technology, that there 
is something wrong with not being attentive, or that the 
professional community should address itself to onw one 
group. Rather, this way of dividing the public idetiifies 
three groups with different information needs; groups 
whose expressed attitudes are often different. In this 
chapter, the responses of all three groups frequently will 
be presented so that their attitudes can be compared. 

About 20 percent of the U.S. adult public qualifies as 
attentive to science and technology. (See table 8-L) While 
the level of attentiveness has fluctuated around this fig- 
ure since 1979, it was only one-half this high in 1957. This 
suggests a continuing growth in the public's awareness of 
science and technology. College students, who were sep- 
arately surveyed, also showed high levels of atten- 
tiveness; in 1983, 25 percent were attentive. In 1985, both 
the college students and the broader adult group showed 
unexplained drops in attentiveness from their 1983 
levels.*^ 

Citizens attentive to science and technology are found 
in all demographic group? There is no significant dif- 
ference in the attentiveness of different age groups. Men, 
however, are more likely to be attentive than are women. 
(See appendix table 8-1.) The most significant predictor 
of attentiveness to science and technolog). is education. 
Science and technology appear to require higher levels of 
education for people to feel comfortable and informed 
about them. College students in 1985 showed slightly 
lower levels of attentiveness and interest than the corre- 
sponding portion of the adult public, those with only a 
high school education. 



*\yr more mformation on this model, .see Miller (1983a). 
^r a .study of college student attitudes toward .science and tech- 
nology and other subjects in 1985, .see Miller (198 
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Table 8-1. Percent of American public attentive^ to and interested in science 

and technology 



Adults College students 





1957 


1979 


1981 


1983 


1985 


1983 


1985 




10 


19 


20 


24 


21 


25 


16 




12 


21 


19 


28 


26 


22 


23 


N = 


1.919 


1,635 


3,195 


1,630 


2,005 


2,011 


2,373 



* Interested in and informed aboui science and technology, and regularly acquiring intormatron. 
Note: N in each case is the number of respondents. 

See appendrx table 8-1. See also Mriler (1986). Sdence & Engineering Indrcators— 1987 



Knowledge of Scientific and Technical Terms 

Part of the public's scientific and technological sophis- 
tication is its ability to recognize and understand certain 
SfV terms. Respondents were given a list of five science- 
and technology-related terms that someone might en- 
counter through newspapers, magazines, or television, 
and were asked if they had a "clear understanding/' a 
"general sense/' or "little understanding" of these terms. 
(See table 8-2.) The terms chosen were relatively familiar 
ones and together covered a broad range of fields. Al- 
most 30 percent reported that they had a clear under- 
standing of what "radiation" is and what a "molecule" is. 
Most respondents reported little understanding of 
"DNA" or "GNP " and one-half had little understanding 
of "computer software." The highest levels reporting a 
clear understanding of thei;e items were among atten- 
tives*' and, correspondingly, among males and those 
with higher levels of education. 

Another dimension of scientific knowledge is having 
some conception of how science and technology work. 
Respondents thus were asked what it means to study 
something scientifically. (See table 8-2.) This is a point 
chat may come up when commercial advertising suggests 
that some product has been tested scientifically, or when 
results are published from a new study of the effect of 
diet on susceptibility to a disease. Even among the atten- 
tive public, onl> d minorit) reports clecir understanding 
of what scientific study is. About one-half report that 
they have a general sense of what it is.' 

There was no similar question by which to gauge gen- 
eral comprehension of technology. Instead a ver> com- 
mon technology — the telephone — was selected, and re- 
spondents were askeo whether they understood its 
operation. Only 1 in 12 Americans claims to have a clear 
understanding ot how a telephone works. (See table 8-2.) 
About one-halt ot the public claims a general seni>e o( 
how telephones work, while one-third claims little un- 
derstanding. Appendix table 8-2 sho\vi> the response uf 
different demographic groups. 



It sluHilil bv iu)ti.\i th.il ih M »ti ni> c»ri pdrl tin KiK»vxIt J|,i kkh\ 
dilion thdl fillers inU> llic ikt'iniluMi ul »illcntiM. ln.•^^ 
'Millor {mHl 



To determine the accuracy of this self-reported level of 
understanding, respondents were sometimes asked to 
state in their own words what they understood by a 
particular item."* There were far fewer who actually un- 
derstood the items than had previously claimed a clear 
understanding of them. (See table 8-3.) Attentives did 
better than others, but still did not show high levels of 
understanding. Demographic differences are shown in 
appendix table 8-3. Correct responses are strongly re- 
lated to higher levels of education. While only a small 
minority answered it correct!;/, the question about tele- 
phones brings out the strongest difference between the 
sexes and among age groups;*' the question about scien- 
tific study shows no differences with respect to sex. 

The Japanese survey also asked vvhether respondents 
understood certain terms, but did not attempt to test the 
reported understanding. Three of the terms — GNP, com- 
puter software, and DNA — were the same as those used 
in the U.S. survey. While absolute numbers in the two 
surveys cannot be compared on this question, it is note- 
worthy that the Japanese responses on these three terms 
fell in the same order as did ihr American responses, 
with GNP being most familiar to both Japanese and 
American respondents and DNA least familiar. (See table 
8-2 and appendix- table 8-4.) 

Attitudes Toward Science and Engineering Education 

The public expresses widespread dissatisfaction re- 
garding the teaching of science and mathematics in 
American schools. (See table 8-4.) Correspondingly/ 
there is a w ish to see science, anvl especiall)' mathematics, 
taught in every year of high school."* 

The American question was worded in negative terms 
("The qualit) of science and mathematics education in 
American schools is inadequate") and ev oked a high lev el 
of negative sentiment about American education. Jap 
anese respondents were asked a hlightl) different ques 



"^riu* i|utvsli()n Wtis not .iskoii o\ Ihoso who h»ul s»mi ihov h.ul little 
undorsldiultn}; o\ ihv itoni. 

'1 \crc .ind cisowhoro in this chnplor. v»irvin>; ro^ponso^ dnioiij; »ij;o 
};ruupSMvni tubi' Jiu* U) Jitlcn jiu s tn i duurti^m. A};i as suili nut 
si'cni III I'xpltiin niiKli (it the n-spimsi', Sei' Miih r (1^)88) 

'"Sof nlso chapter I , "iVocollcj;!' Si lenco »iiul M»ithom»itus I:iliii«ilion.'' 
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Table 8-2. Reported understanding of various aspects of science and 
technology, by attentiveness: 1985 

Total Attentive Interested Remaining 
Aspect public public public public 



Percent claiming clear understanding 







45 


31 


21 






45 


33 


18 


GNP 




41 


24 


16 


Computer softvs/are 


20 


34 


20 


15 


DNA 




24 


16 


9 


Scientific study 


29 


42 


31 


24 


How a telephone works 


18 


24 


20 


14 


N = 


2.005 


417 


517 


1.071 



"Radiation: When you read or hear the term 'radiation'; do you have a clear understanding of what it means, a 
general sense of what it means or little understanding of what it means?" 

See appendix table 8-2. Science & Engineering Indicators— 1987 



Table 8-3. Actual understanding of various aspects of science and 
technology, by attentiveness: 1985 





Total 


Attentive 


Interested Remaining 


Aspect 


public 


public 


public public 






■ Percent responding correctly* 


Molecule 


10 


15 


10 7 


Scientific study 




16 


12 12 


How a telephone works 


8 


13 


7 6 


N = 


2,005 


417 


517 1,071 



"In your own words, could you tell me what a molecule is?" 

* Question was asked only of those who previously had stated they had either a "clear understanding- or a 
•general sense" of this aspect. Percentages are based on total sample. Responses were coded at the Public 
Opinion Laboralory, with tests of intercoder reliability. 



See appendix table 8-3. Science & Engineering Indicators— 1987 



Table 8-4. Attitudes toward science and mathematics education 'n the United 
States: 19 85 

Agree Disagree No opinion 

Percent 

The quality of science and mathematics education in 63 29 8 

American schools is inadequate 

Every high school student in the United States should be 69 28 3 

required to take a science course every year 

Every high school student in the United States should be 87 12 i 

required to take a math course every year 

SCXJRCE: Jon D.Miller (1988) Science & Engineering Indicators— 1937 



tion: whether the science and mathematics courscwork in 
their schools is serving the purpose of nurturing the 
students' awareness of science. Forty-six percent of the 
Japanese surveyed agreed, 35 percent disagreed, and 20 
percent had no opinion. 



Many vvriterb have buggebted that Japan will not be 
able to bubtain itb technological growth if it cannot create 
its own babic bcienlific and technological km. viedge — 
knowledge that previoubly could be borrowed trom other 
countries. This will require a creativity and on- 
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Table 8-5. Reported use of public Information sources: 1985 



Source and frequency Total Allenlive Interested Remaining 
(times per year) public public publi c public 

Percent 



Watches science television: 





29 


16 


25 


37 




51 


54 


54 


49 




20 


31 


21 


15 


Visits a public library: 












33 


22 


29 


39 




16 


17 


18 


14 




51 


61 


53 


47 


Visits a zoo or aquarium: 












52 


44 


53 


3-4 




37 


42 


37 


36 




11 


14 


10 


10 


visits a science ana iconnujuyy ui 










natural history museum: 












62 


47 


62 


68 




07 










11 


18 


11 


8 


Visits an art museum: 












69 


56 


68 


74 




23 


31 


24 


20 




8 


13 


9 


6 


Reads science magazines: 












84 


68 


84 


90 




6 


7 


9 


4 




10 


26 


7 


6 


N = 


2,005 


417 


517 


1,071 



SOURCE: Jon D. Miller (1988) 

See appendix table 8-5. Science & Engineering Indicators— 1987 



trepreneurship that some allege does not exist in Japan. 
Japanese respondents thus were also asked if "Compared 
with other countries, Japan is very meager in training 
individualists and creative scientists." This question too 
was negatively worded, and it found 53 percent of re- 
spondents agreeing (12 percent "completely agreed"), 27 
percent disagreeing, and 19 percent uncertain Agree- 
ment was highest among respondents with university 
and college degrees, 

PERSONAL ACTIVITIES INVOLVING SCIENCE 
AND TECHNOLOGY 

In spite of the limitations in the public's knowledge, 
there still are various way in which many people deal 
with science and technology on a daily basis in their 
home life, their work, and even in their leisure-time 
activities. Data are available for some of these activities, 
and they help to show the extent to which various groups 
within the public tak^: advantage of the opportunity tc 
learn about or use science and technology. 



Consumption of Information 

Adult Americans report a moderately high level of 
exposure to publicly available sources of science and 
technology information. (See table 8-5.) All of the ac- 
tivities listed for these sources are primarily leisure-time 
activities, and can be arranged roughly in order of diffi- 
culty. Thus, reading science magazines is the activity 
with the fewest participants, ' ' since special effort must be 
made to acquire the magazines, and some level of sophis- 
tication is required to read them. Most people, on the 
othCi hand, can watch and enjoy an occasional National 
Geographic Special very easily; therefore, there is a low 
percentage of the public that does not watch science- 



" riio ijuoslions on scionci* mag.i/jnos nnd science tt^levision are not 
slriclly comparable with the others, since the list of responses is dif- 
lerenl. However, the numbers vvho never read suente maj;a/jnes or 
watv-h suente telcv is»un ean be tumpared wah Uu numbers whudu ihe 
other activities 0 limes per year. 



related television at all. In between are visiles to zoos, 
aquariums, and museums. Some effort is required to do 
these things, but— especially in the case of zoos and 
aquariums— there is little that is difficult to understand. 

To help interpret the frequency of \:se (or these infor- 
mation sources, the frequency of use ior two nonscien- 
tific or general information sources — art museums and 
public libraries— is also shown. Art museums are slightly 
less popular than science and technology museums. 
Public libraries, on the other hand, have the highest 
number of users who visit three or more times per year. 
Next to television, libraries are the most widely accessible 
of the sources listed; they also provide the broadest range 
of scientific and other information. 

Predictably, attentives take part in these information 
acquisition activities more than do other members of the 
public."- Substantial differences between the attentive 
public amd the remaining public also exist for watching 
science television and visiting science and technology 
museums. Attentives are also heavier users of public 
libraries and art museums. This suggests that attentives 
are heavier users of information and culture sources in 
general, apparently because of their higher level of 
education. 

If one looks at demographic characteristics, these pat- 
terns of use of information sources are more understand- 
able. (See appendix table 8-5.) Attendance at museums, 
zoos, and aquariums seems to decrease sharply with 
increasing age; clearly, these are avenues more suitable 
for imparting information to younger adults. Smce many 
adults visit such places mainly to bring their young chil- 
dren, this may help to explain the lower attendance by 
older adults. Magazine use decreases at both ends of the 
age spectrum, while use of science-related television in- 
creases with age. Education is a strong influence on the 
level of use of any type of information source. Since the 
average educational level is lower for the youngest and 
the oldest Americans, education may help to explain 
these differences in participation by age. 

Another major source of information is newspapers. 
There has been considerable expansion in the number of 
weekly science sections appearing in American news- 
papers, particularly from 1984 to 1986. (See figure 8-1.) 
While many of these sections are exclusively devoted to 
health and fitness, there also has been a considerable 
growth in science sections presenting a broader range of 
materials. This implies a growing public interest in scien- 
tific subjects of all kinds and an increasing public con- 
sumption of such information, in part because more and 
more consumer goods are products of science and tech- 
nology. This interest is further evidenced by the fact that 
therewere about 81 daily newspapers with a science page 
in early 1987.''^ 

Use of Computers 

The computer— a technological product that many 
Americans have learned to use in recent years — is an 



*^In Ihe case of reading science magj/ines ihis is expected, since 
reading such magazines enlers inlo the dcfinilion of allenhvenesj,. 
"Sne//a» (1987), p. 429. 



Figure 8-1. 

Weekly science and health sections in 
U.S. daily newspapers 
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X Health only ^ 
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See appendix table 8-6. Science & Engineering indtcators - 1987 



especially interesting illustration of the growing effect of 
science and technology on the public. Many commercial 
products, from toys to automobiles, contain built-in com- 
puters. Business use of computer*? has been developing 
over several decades and is now v .despread. About one- 
quarter of adults reported thai they use computers at 
work. (See table 8-6.) (Since no specific kind of computer 
was mentioned, respondents presumably were referring 
to a broad range of devices such as computerized cash 
registers and word processors in addition to more con- 
ventional computers.'*) Those who do use computers at 
work spend the equivalent of almost 2 working days per 
week at their terminals on average. While attentives are 
more likely to use computers at work than others are, 
those who have computers at work use them about as 
much whether they are attentives or not. 

Home computers have been common for a shorter time 
and are not as widespread. Still, 15 percent of Americans 
report having a computer in their homes, up from 9 
percent in 1983 '"^ Home computers are used fewer hours 
per week than are business computers. (See table 8-6.) 



"The cslimatod level of computer use at work vane.s widely from one 
survey to another, probably because of the wide variety of devices that 
nn be considered computers. A survey of computer use in industrial 
R&D organixxitions in 1984 found that an average of 42 percent of 
scientists and engineers in ihose organixations use them. Forty-two 
percent of senior managers had their own terminal.s, while fewer lower- 
level managers did. See Rossini and Porter (1985). 

'^Miller (1983b). Another study found ihat 13 percent of adults, 26 
percent of children aged 12-17, 22 percent of those 6-11, and 17 percent 
of those 2-5 had access to a home computer in 1985. See A near row 
(1987), table L l-or more information, also see chapter I, "Precollege 
Science and Mathematics Education." 
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Table 8-6. Reported use of a computer at work and at home: 1985 





Total 


Attentive 


Interested 


Remaining 


Activity 


public 


public 


public 


public 


Use computer at work and at home 












6 


12 


5 


4 






10 7 


14. D 


i4.y 




5.1 


5.3 


4.7 


5.1 


Use computer at work only (percent) . . . 


19 


23 


22 


16 




14.8 


15.3 


14.5 


14.7 


Use computer at home only (percent) . . . 


9 


11 


8 


9 


Average hours per week at home — 


1.8 


1.8 


3.0 


1.2 


Do not use computer (percent) 


66 


54 


65 


71 


N = 


2,005 


417 


517 


1.071 



"Do you presently own a home computer?" 
"Do you use a computer in your work?" 

See appendix table 8-7. Science & Engineering Indicator:>— 1987 



Owners of heme computerb spend more time on them if 
they also have computers at work. Attentives show high- 
er levels of home computer ownership than the rest of the 
public. However, the group which has only home com- 
puters and which uses them the most are not attentives, 
but the interested public. 

In demographic terms, computer use is positively as- 
sociated with higher levels of education. (See appendix 
table 8-7.) Interestingly, however, graduates of associate's 
degree programs have an especially high level of home 
computer use. Many of these people are technicians, 
computer operators, or computer programmers. Home 
computers are most frequently found in the 35-44 age 
group, while younger people are generally more likely to 
use a computer at work. 

The Japanese respondents were also asked about their 
use of computers. While about 25 percent of Americans 
reported using a computer at work, only 12 percent of 
Japanese did so. This appears to be a significant dif- 
ference.'** In the case of managerial and professional 
workers, 51 percent reported using computers at work 
Among clerical and service workers this figure was 42 
percent. Nine percent of the Japanese respondents re- 
ported owning home computers, the comparable figure 
for Americans was about 12 percent.''' 



"There .ire home Jiffereiues in the Jefiiiition ot .1 uMiipuler !or 
example, the Japanese survey excluded word processors, .ind the 
American survey— in the case ot home computers— exchided those 
pnmarilyused tor entertainment. The i^i^S lintisli surve\ tuund that b 
percent ot respondents used Ivpcuntcrs u»th an elcLtrunu nunuir v t 
percent used LDmputer-cuntroIIed ma^^huie tools, S pcr^tnt used cu'n 
puler-aided desij»n/compuler-aided manufacturing (CAD/CAM) 
equipment, and 13 percent used <uher computers or terminals at work, 
at school, or at college. See Market Sz Opinion Research International 
Limited (MORI) (1985), p. H- 

* Thus number omits the American home computers th.il are pri- 
marily used lor word proce^ssing, in order to better match tin* Japanese 
delinilion ol computers. In Great IJritain, i« percent reported using a 
home computer in 1985. See MORI (1985), p, 22. 



PERCEIVED RESULTS OF SCIENCE AND 
TECHNOLOGY 

The public has various opportunities to think about 
scientific and technological developments and to judge 
how these developments are related to their ovvn lives. 
Television broadcasts and newspaper articles announce 
new discoveries; the present and potential impacts of 
these discoveries on society are discussed and explored 
in magazine articles, sermons, personal conversations, 
and in many other ways. It is thus of interest to ask what 
judgments the public has formed about the advantages 
and disadvantages of science and technology, and about 
the changes they are likely tj bring in the future. More 
specifically, since science and technology are known to 
have significant impacts on the content of work and 
levels of employment, it is of special interest to gauge the 
public's feelings about these impacts. 

Benefits versus Harms from Scientific Research 

The public overwhelmingly believes that seientific re- 
search has brought more benefits than harms. (See table 
8-7.) Only 19 percent believe the harms exceed the bene- 
fit.^. This IS up trom 11 percent in 1979, and 14 percent in 
1981, however, indicating some growth in the negative 
perception of science and technology over the last several 
years. Those with a college education are most likely k) 
say that the benefits substantially exceed the harms; cor- 
respondingly, those who consider harms greater than 
benefits tend to have lov/er levels of education. (See 
appendix table 8-8.) There is also a discernible gender 
difference, wi '1 more men than women maintaining tlu 
the benefits are subslantiall} greater than the harms. \ 
55-percent majority ui attentives agree that the benefits 



'\See National Science Board (1981), p. I(>L and National Science 
Board (1983), p. M7. D.il.i trom other \ears .in shoun in National 
Science Board (I9S3), p. I>3 Ihev ttrt not toniparabli uilh the data 
slumn here Ix-cause the i|mstion usk^.d la llust \iars ollerid tlirec 
possible answers, rather than luc as here. 
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Table 8-7. Public assessment of beneficial versus 
harmful results of scientific research 



Assessment 


1979 


1981 


1985 






Percent - 




Balance strongly favors beneficial 










46 


46 


44 


Balance only slightly favors 








beneficial results 


24 


28 


24 




13 


11 


4 


Balance only slightly favors hamiful 








results 


7 


10 


13 


Balance strongly favors harmfu! 








results 


4 


4 


6 


Don't know 


6 


1 


8 


N = 


1,635 


1,540 


2,005 



-people have frequently noteu that saentific research has produced both 
beneficial and harmful consequences Would you say that, on balance, the 
benefits of scientific research have outweighed the harmful results, or that 
the harmful results of scientific research have outweighed its benefits?" 
* Volunteered by respondent. 

See appendix table 8-8. Science & Engineering Indicators— 1987 



are substantially greater than the harms. Fewer members 
of the interested public believe this, and still fewer mem- 
bers of the remaining public, but this view is still the one 
expressed most frequently by all three groups. 

hi Japan, the 1987 survey included the question "Sci- 
ence and technology have both their pluses and minuses, 
but from your standpoint which do you think are great- 
er?" Fifty-four percent thought the pluses were greater, 8 
percent thought the minuses were greater, and 29 per- 
cent considered them equal (9 percent had no opinion). 
Though the questions were not quite the same, it is 
notable that the balance of positive over negative re- 
sponses was greater in Japan than in the United States (cf. 
table 8-7).'^ 

These responses can be understood better by examin- 
ing the individual areas of life that rcbearch ks thought to 
have hurt or benefited. Science and technology are 
thought to have been especially beneficial in tech- 
nological and economic areas, namely the standard of 
living, public health, and working conditions. (See table 
8-8 ) On the other hand, large minorities feci that bcicncc 
and technology have had negative effectb on world peace 
and, especially, on moral values. Thus, cultural and mili- 
tary aspects of science and technology are viewed more 
negatively than are economic and health asp'^cts. The 
individual's enjoyment of life involves both economic and 
more personal considerations, thus, the "positive eiicct ' 
responses in this case fall between those received for the 



*'The 1985 British survey asked "Some people believe that m.in h.is 
gone loo far in tampering with nature through scicntifit un^^juirv Oth 
ers say this kind of scientii.c enquir) has brought great benefits to man 
and should be encouraged Which comes closest to >our own \ie\\?" 
Thirty percent replied that science has gone too far, 33 percent that it has 
brought great benefits, 10 percent saiti "neither/' and 7 percent replied 
"don't know" While the wording mav have encouraged negative re- 
sponses, there was a preponderant support for scieme See MORI 
(1985). 



technological-economic items and the personal and so- 
cial items. 

Four of those effects were also explored ♦ the Japanese 
survey. In general, the Japanese much . c frequently 
answered "don't know" or "neither " when asked about 
the effects of science and technology in these areas. (See 
table 8-8.) A high frequency of "don't know" or neutral 
responses is commonly observed in Japanese opinion 
surveys, and seems to be a cultural characteristic.'' This 
should be taken into account when interpreting all sur- 
vey data involving Japan and other countries. While Jap- 
anese respondents in this survey agreed with Americans 
that the most positive effect of science and technology 
has been on the standard of living, they were muci. less 
willing than Americans to accept the idea that science 
and technology have improved working conditions. 
Moreover, the Japanese were even les.s inclined than 
Americans to accept that science and technology improve 
morality." 

Another view of the public's perceptioi of benefits and 
risks is obtained by Iwking at the responses to the same 
question in a variety of countries. (See figure 0-33 in 
Overview.) hi 1981, a coordinated set of surveys was 
done in 17 countries asking whether scientific advances 
will help or harm mankind in the long run,'* Among the 
industrialized countries, the United States showed the 
highest level of posit^x^ response. British, Spanish, Ca- 
nadian, and Australian respondents also gave a high 
proportion of positive replies. The Netherlands was the 
only country giving more negative than positive replies. 
In Japan—and to a lesser extent in Belgium, Denmark, 
and West Germany — many respondents were unwilling 
to say that mankind will be either helped or hurt, opting 
instead for the answer "both." (See appendix table 8-9.) In 
the case of Japan, this may again reflect the general 
tendency to give neutral responses. The effects these 
opinions have had on public science and technology 
policies in these countries would make a useful subject 
for further study. 

Expectation of Future Scientific and Technological 
Developments 

Respondents were also aslxed how likely they thought 
it is that science and technology will produce certain 

^The Japan*.'se cjuestjun was "Dii)iiu think that the lulli>v\ing lattors 
have been buttered i>r v\i>rsened In scientific and lech n illogical de- 
velopments'* Or do you think the\ lia\e been unchanged?" The U.S. 
question was "Now, I want to read you a short list ol areas and for each 
one, please tell nie il you think that science .'nd technology have had a 
positive effect, a negative eltecl, or neither kind ol ettett," 

^'See Kuroda, llayashi, and Su/uki (iy8(>). 

^^In 1982, 17 percent of respondents to a French surve) said that 
scientific and technological development have had more favorable 
effects on the moral sense, 42 percent said the eltects were more un- 
favorable, and 24 percent said neither. See Bon and Boy (1984b), p. 47. 
This attitude appears eloser to the American than to the Japanese 
response. 

'^fur the entire list iit countries surveyed, see appendix table8-9. I he 
Canadian part ot the survey was acluallv doni» in iv«2, while the 
Kuwaiti, Lebanese, and Australian p.irts were done in huue year- 
to-year changes tend nut to be l.irgo, the opinions show n U>r these years 
should be close to current opinions. Because ot dillercnces in question 
wording and survey adniinist»atuin, the dat.i shown lor the United 
Slates on figure 8-2 are not strit tl\ ioni parable w ith thosi* shown lor the 
United States in 1981 on table 8-7. 
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Table 8-8. Impact of science and technology on other areas of life: 
American, Japanese, and French responses 



Area and country 



Positive 
effect 



Neither 



Negative 
effect 



Don't 
know 



Our standard of living: 

United States 

Japan 

Franco 

The public health: 

United States 

Japan 

France 

General v\^orking conditions: 

United States 

Japan 

France 

The individual's enjoyment of life: 

United States 

Japan 

France' 

World peace: 

United States 

Japan 

France 

People's moral values: 

United States 

Japan 

France 



Percent ■ 



84 


6 


8 


2 


73 


18 


3 


5 


79 


10 


7 


5 



83 


4 


12 


2 


NA 


NA 


NA 


NA 


77 


7 


13 


3 



79 


8 


11 


2 


40 


29 


21 


11 


76 


6 


13 


4 


69 


12 


15 


4 


46 


35 


8 


12 


59 


12 


21 


8 


42 


18 


33 


7 


NA 


NA 


NA 


NA 


23 


23 


41 


14 


25 


28 


41 


6 


5 


38 


42 


15 


17 


24 


42 


18 



' In France, the item was "the structure of daily life." 

Note: N 2.005 (United States. 1985) 
N = 2.334 (Japan. 1987) 
N ^ 1,515 (France, 1982) 

SOURCES: Japan: Olfice of the Prime Minister of Japan (1988); United States. Jon Miller (1988); France. 



Frederick Bon and Daniel Boy (1984). 
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spucific oulLomcs in Ihu next 25 \Ucirs or so. It is uvidunt 
Ihdl the public uxpuLls LontiiiLiud mcdiLal dcvulupmunts. 
ciboul onc-h<ilf of Ihu public thinkb it \cr) likcl) thdl 
Lcinccr iind AIDS will bu Liiniblc in the next gcncrdlion. 
(Scu Uiblu 8-9.) A h<ilf of the public dlbo thinks there will 
bo no Wcirb in bpiicu in Ihu next 25 )Ucirb, cind belief Ihdl 
sLich <i LonfliLl lb unlikel) to OLuur cKtudll) rose bignifi 
Lcinlly from 1983 to 1985. On the other hcind, nedrl) hdlf 
of the public conbiderb buuh Wcirb dt ledbt pobbible. 

Lirgr minonlieb conbider it \erv likel) tkit there will 
be tin iiccidenltil reledbo of d toxic chemiLdl LdUbing nu 
meroub dedthb iind another nuuledr cKuident bUuh db the 
one at Three Mile Ibkind.'^ Thib quebtion wdb dbked dfter 



*Mn tlie 1985 linlisli siirvev, ri'spoiuionts vvurt-.iskud si'p.irateiv .ibuul 
a lislot liiin^s that will and uili nvi result iruin llic applK«iliuiiul iui 
and tethnukigv uvtr ihv nuxt ku vuars hvuiiU si\ pcriinl lxIio<.d 
that problems associated with nuck'ar waste uil! lu' so!\ed, '^^^ percent 
thought thcv will not: 30 percent did not sav either Thirty-seven per- 
cent said there will l>e a major accident at a luiclear power station, 22 
percent said there will not, -U percent said neither bee MOKi (bAS^), 
p. 8. 



the mnjor Lhemicdl cicxident in Bhopnl, India, but before 
the nuclear aceident in the Soviet Union at ChernoL I. 

Opinion lb almobt evenly bplit on the aLudental releabe 
of a genetiually engineered miurobe and on the itenib 
related tu bpaue teuhnolog). While attenti\eb are bome- 
what more optimibtic about bpace rekited and medical 
auhievementb than ib the rebt of the public, in many areab 
their expeutationb are virtuall) the bame ab thobe held b\ 
otherb. (See appendix table 8- 10.) For example, there ib no 
bignifiLant difference between attenti\eb and otherb in 
their expectation of Lhemiual and nuclear acuidentb. 

Ihe Japanebe bur\e) albo inuluded a quebtion about 
expectationb for the next 25 )earb. (See appendix table 
8-1 l.)The question included four possible outcomes that 
were the same as outcomes listed in the U.S. survey. It is 
notable that the Japanese ordered the likelihoodbof thebe 
lour outLomes in jubt the wa) that the Ameriuan rebpond- 
ents did. The outcome considered most likely was a 
cancer cure, followed by a cure for AIDS, a metiiod for 
procebbing atomic wables, and a manned Mars landing. 
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Table 8-9. Public expectations concerning future outcomes 





Year 


Very 




Not at all 


Don't 




Outcome 


asked 


likely 


Possible 


likely 


know 


N 








Percent 






A cure for the common forms of 












cancer 


1979 


46 


44 


3 


2 


1,635 




1983 


57 


36 


6 


1 


1,630 




1985 


55 


37 


6 


2 


2,005 


A cure for the disease AIDS . . . 


1985 


49 


38 


9 


4 




r\ii\juw% nu(/i6ar puwoi piani acci" 
















1 QQtt 


AC 


41 


9 


3 


2,005 


The accidental release In the 














United States of a toxic chemi- 














cal that will result in numerous 
















1 90b 






12 


4 


2,005 


A safe method for the long-term 




























HllPtC from niK^laor r\/>Mie\r 

, uuulo iruiii nuuicar power 














.US 


1983 


29 


41 


26 


4 


1 ,oou 




1985 


36 


42 


18 


4 


2,005 


The placement of a scientific or 














mining colony on the moon . . 


1985 


32 


39 


25 


4 


2,005 


Thp HpuplnniTtPnt of nanat!nalU# 














engineered bacteria to eat or 
















1985 


32 


43 


17 


8 


2,005 


The landing of a manned mission 














on Mars 


1985 


27 


41 


29 


3 


2,005 


Th <;ccidental release of a genet- 














ically engineered microbe into 
















1985 


17 


50 


20 


13 


2,005 


A war in space 


1983 


26 


36 


36 


2 


1,630 




1985 


12 


34 


50 


4 


2,005 



"Do you think that it is very likely, possible but not too likely, or not at all likely that this result will occur in the next 25 
years?" 

SOURCES: Miller, Prewitt. Pearson (1980): Miller (1982, 1984, 1988), 

See appendix table 8-10. Science & Engineering Indicators-1 987 



Effect of Science and Technology on Work and 
Employment Levels 

Employment is one of the most personal effects that 
bCience and Icchnolo^) hds on the L'vcs of thu piibht. 
New technolo^iccil developments hdve dfletted the wdy 
in vvhieh uurk is done .ind the trdinin^ needed for i ^iven 
job. In the a^^reHdle, they help to determine how mdny 
employees dre needed in d given field dnd which dre the 
fields in which employment opportunities dre dvdildble. 
Concerns about the effects of "automation" and/or 
"robots" on the nature dnd dvailabilit) uf work have been 
expressed w idely in man) countries for many years. Data 
capturing these concerns are available for the United 
Stales and japan. (See table 8-10.) 

There seems to be agreement between the two coun- 
tries that science and technology ha\e improved working 
conditions. (See table 8-10, question A.) This idea seems 
to be more widely accepted in the United States. The 
Japanese are optimistic about science and technology 



making work more interesting in the future, and Amer- 
icans are more optimistic still. (See table 8- 10, question 
B.) 

More vital than the naliuc of work is vvhethei one will 
have a job at all. Respondents in the United States and 
Japanagree that automation will lead toa loss of jobs. (See 
tabl'^ 8-11, question A.") On the other hand, Americans 
are split on whether technological developments are a 
main reason for high unemployment, with 48 percent 
accepting this and 45 percent disagreeing.'' 

Although ;t is agreed that computers and automation 
will eliminate some jobs, it is widely held that they create 



* in liie U.S,, llu ^.jut'sliun wds whfthtT hitlDry .uiii)ni«ilion will put 
many luiiulrtLK uf tIuHK'>diui.. ul ptuplf uut ut wurk m this munlry in 
tho noxl ^ ytMrs Tiu' J»ip«inest Ljucstiun v\as "\i rubuts and computers 
boamu* widosprtMil, nianv trns of IhuusanJs i>f iH'unif \m|| lost* thoir 
jobs;' 

•"Miller (1988). 
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Table 8-10. U.S. and Japanese attitudes about the effects of science and 
technology on working conditions 

Beneficial Neither Harmful Don I know 



A. Effect science and technology have 




Percent — 




had on general working conditions: 










79 


8 11 


2 




40 


29 21 


11 


B. Science and technology will make 


Agree 


Disagree 


Don't know 


work more interesting: 












Percent — 














71 


24 


5 




47 


37 


17 



Note: N (United States. 1985) ^ 2.005 

N (Japan, 1937) = 2.334 
SOURCES: United States: Miller (1988); Japan: Office of the Prime Minister of Japan (1988) 

Science & Engineering Indicators— 1987 



Table 8-11. U.S. and Japanese attitudes about the effects of robots and 
automation in employment 



Country Agree Disagree Don't know 

Percent 

A. Automation will put many factory employees 
out of work: 

United States 73 25 3 

Japan 63 27 10 

B. Computers and automation will create more jobs 
than they will eliminate: 

United States 48 44 3 

Japan 13 '3 14 

C. Automation is necessary to meet foreign 
competition: 

United States 75 21 5 

Japan « 51 27 21 



« Respondents were offered a list and asked which things will happen, and then separately which things will not. 
This percent of respondents did not mention this item either time. 

Note: N (United States. 1985) = 2,005 

N (Japan, 1987) ^ 2.334 
SOURCE: United States: Miller (1988): Japan: Office of the Prime Minister of Japan (1988) 

Science & Engineering Indicators— 1987 



others, in both technical fieldb and service industries. 
The net effect thus may still be an increase in employ- 
ment. However, respondents are m)t all convinced of 
this. (See table 8-11, question B.") The Americans are 
about evenly divided for and against this idea, and the 
Japanese are distinctly skeptical. 



^Thc AmcriGin question was "On baKinct\ auiiputtTs aiul factory 
automation will create moro jol^j; than thoy will eliminate" In Japan, it 
was "The number of jobs that will increase a*; a result of ihe spread of 
robots and computers is j^reator than the numlu*r that will decrease as a 
result o! their spread." A hrench survey in asked whether ' U\ the 
long run, technological progress creates nmre empK)\ment than it 
abolishes." f-orty-two portent agreed, 47 pi'r».ent disagreed, .md U) 
percent did not know, f his reseml)les the Ameriuin response Si i' ikn\ 
and Boy (I984l>), p. 42. 



Cven if it fails to generate more employment, many 
writers suggest liiat automation is necessary to meet 
competition from other countries that do automate their 
factories. Tlie American and Japanese publics appear to 
accept this position. (See table 8-11, question C") The 
Americans seem to show a higher level of belief in the 
need for automation, but support is also high in Japan. 
Fart of the explanation for Japanese support of automa- 
tion may be seen in their response to anothei question. 



^he U.S i|uesth>n uas "11 ue didn't automate our ladories. Amer 
Kan pruducts uill bv Um txpensue ti> ».i)ntpett' su^ioss!ull\ agaipst 
prtKluds n.adi in auti>mated fadnnes in Japan and I urope " In Japan, it 
was "li ri>lH>ts and ».i>mputt'rs di» iii>t Ihmhiu u idespreail, we w ill nut Iv 
al>le to win in the prite competition with loreign products" 
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The survey noted that rocenlly, newly induslrinlizing 
coiinlries such as Korea and Taiwan have been making 
spectacular progress in science and technology. It then 
asked respondents whether they considered this a threat 
to Japan or not. A 57-percent n'lajority agreed, while 27 
percent disagreed, and 16 percent did not reply. Agree- 
ment was especially high among those who believed that 
automation is necessary in order to meet foreign 
competition. 

The British also believe that science and technologv 
will improve the competitiveness of their industry, but it 
is not clear that they consider the price worth paying. Tor 
example, they do not believe that science and technology 
will create more jobs than they will destroy.-* While 84 
percent believe that ne-v technology is essential for their 
country's prosperity, the British are about ever.iy split 
on the desirability of robots in industry.*' They believe 
more than do Americans that because of science and 
technology the rich get richer and the poor poorer.^' 
Further, they believe much less than do Ar.iericans that 
because of science and technology there will be more 
opportunities for the next generation.** 

PUBLIC ACCEPTANCE OF SCIENCE AND 
TECHNOLOGY 

Science and technology are part of the general culture 
and, as such, compete with other social institutions for 
public prestige and acceptance. It is therefore of interest 
to ask whether the public trusts and admires scientists, 
and would be likely to support their work and endorse 
their testimony on public issues. It is also of interest tu 
ask whether the public wishes or is able to think scien- 
tifically. Scientific thinking is only one of several available 
modes of thinking, and the scientific communit) es- 
pecially should be aware of the extent to which such 
thinking has diffused among the public. Finall\, the pub- 
lic's view of /nierican science and technoloji^y in com- 
parison with the efforts of other countries is another 
aspect of the prestige of U.S. science and technology. 



'^'ScoMOKI (1983), p. 2(1 l-brlv-^ewii poriviil IvIit'Wtl llv.i Ihocom- 
pflilivenoss i»! Brilish iiuluslry uill inipruve .is .i rt'sull ul the .ipplnj- 
tum ui sut'iKc .111 J kchiiolu^v, uhik M ptuciit U'ia'\evl it uili iiut« 
Ho\vc\cr, onl\ J9 ptrtcnt bcliocJ th.it niort juts imI! U kmWk\ th.iii 
dt'siroyeJ by ib's .ipplitntiDn. uiiilo 1^ poru iu bi liCNAi IIk»\ v\til not 

*'Seven pcrce.il tiis.i^rLVti, 7 pmviit lU'illuT .i}»rmi nor dis.i};r;'t»th 
iVAi\ 2 percent h.ui no opinion. 

*'Thirly-t\vo penenl f.iVDr robots, M pertt-nt oppose, .iiui .^4 percenl 
u «I not respoiui lo this item on tlu list. Hit I aiuh stvni to be sli};htl> 
inoi ^ nog.ilivo hi the 1982 Trcnth sor\ t\, on!) 13 ptrunt utrt in Uiulr 
of speeding up the development of robots tMp.ible ot Joinj; preuse 
factory work mpidly; 46 percent uMiited to reslr.iin robot development, 
and 39 percent w.mted to let these m.ichines be put in nl.ice ur.ulu.illy. 
See Hon nnd Boy (1984b), p. 43. 

*1n the U S , 49 pcr<.tnt .i>;rec, 4(^ ptr<.t.nl Ji«>,i^r«.\, .iiid 4 percent 
h.ive no opinion. In Cre.it Brit.iin, 57 percent .igree, onl\ 16 perteni 
dis.igree, nnd 28 percent h.ive no opinion. 

Ihe U.S., 77 percent believe ihis, while 19 percent dis.ij»ree, *ind 4 
pertenl dim't knim. In Bril.iin, onl) M pi rteiit .igree, 3l) percent dis- 
..^reo, .ind 36 percent don't know. An intern.ilion.illy coordin.ited pub- 
lic opinion survey on the imp.ict of infornvition technology on emplov 
nienl is Vine (1985). The suivey w.is done in I98S .ind covered ihe 
United Stmes,irid J.ip.m, in .iddition losix Western liurope.in countries. 



Figure 8-2. 

Percent of public expressing a great deal of 
confidence in people running selected Institutions 

(Percent) 

70 I 




O' J i 1 ! 1 ! I t I > t » 

1973 74 75 76 77 78 79 80 81 82 83 84 85 86 
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Alliludes Toward Scientists 

An imporltinl component of the public s view of .sci- 
ence is its view of scientists themsehi's. Such attitudes 
are brought to bear when students decide whether to 
become scientists on the basis of their own and their 
parents' view of the kind of person a scientist is. More- 
o\L% the public s acceptance of views expressed by scien- 
tists on science-related controversies is presumably influ- 
enced by their picture of the scientist as a person. 

The data show Miat leaders of the scientific community 
continue to enjoy high confidence as compared with 
leaders of other instiltuions. (See figure 8-2. For the rest 
of the list, see appendix table 8-12.) This indicator is 
understood to represent the level of confidence in the 
institutions themselves.** While the data show fluctua- 
tions of public confidence in institutions in general—and 
long term trends in the standing ol certain institutions in 
particular— medicine has consistently led the list in 
terms of public confidence. The scientific community has 
almost as consistently been in second place. This is a very 
positive result from the point of view of the scientific 
community, especially since medicine is also a highly 
science- and technolog) -oriented profession. However, 
the scientific community also consistently receives the 
greatest number of "don't know" responses; this sug- 
gests uncertainty or a lack of familiarity with this com- 
munit). Males and college graduates sIk)u relatively high 
levels of confidence in scientific leader.^ 

The responses to two other questions provide further 
information on the public s perception ot scientists. One 



'•Smilh (1981) 
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Table 8-12. Public's image of scientists, by attentiveness: 1985 

Total Attentive Interested Remaining 
Statement public pu bHc public public 

Percent 

Scientific researchers are dedicated people 

who work for the gooa of humanity. 

Agree 80 79 78 81 

Disagree ^6 15 18 15 

Don't know 4 6 5 4 

Because of their knowledge, scientific 

researchers have a power that 

makes them dangerous. 

Agree 55 48 54 57 

Disagree 42 51 42 38 

Don't know 4 2 3 S 

N ^ 2.005 417 517 1.071 

Tor each statement, tell mo if you generally agree or generally disagreer 

See appendix table 3-i3. Science & Engineering Indicators— 1987 



question was posilively oriL»nled and asked whether sci* 
cntific re.searcliers arc dedicated people who work for the 
j;ood of liuninnitN. The other asked whether researchers 
li;ue a power that makes them danj^eroiis (See talMe 
tS-l2.)TlK're wasstrongaj^reement with the positive cval 
nation. Moreover, there was \'irtiially no variation l\v 
j;ender, education, or aj;e, althouj^h respondents with 
j;raduiite decrees were slij^htly less likely to share this 
opinion. The negative question, measuring puNic ap 
prehension about the power of scientific researchers, 
produced a small majority expressing this concern. Re- 
sponses here varied by gender and education (See ap 
pcndix table iS-I3.) Since this is the one question that 
brojght out a clearly negative reaction to scientists, fur- 
ther exploration would be useful to ascerta^'* the "dan 
gcr" respondents sec. The negative outcomes suggested 
by tables 8-8 and 8 0 may provide part of the answer 

The question about scientists being dedicated people 
who work for the good of humanity was also asked in 
France and Japan. In 1982, French respondents gave 
almost exactly the same response as the Americans (82 
percent agreed, 14 percent disagreed, 4 percent didn't 
know).'' hi I%7, 73 percent of the Japanese agreed that 
scientists are striv ing for mankind, 16 percent disagreed, 
and 1 1 percent didn't know. The answers from all three 
countries to this question are broadly similar ' 

On the other (negative) question,' 73 percent of the 
French in 1982 believed that scientific researchers, be- 
cause of their knowledge, have a power that can make 
them dangerous. Among the Japanese, 27 percent 
agreed [hni .scientists are dangerous because of their 
abundant knowledge, while 3() percent disagreed, and 17 
percent didn't know. The Japanese response to theques- 
lion is more f uorable to scientists than the answers from 
the other two countries. (Compare table 8-12 ) 



Acceptance of Scientific Thinking 

In order to best i.ommunk<iie hLieiue- and technology 
rc-iated inlormation to the publit, the s<.ientifit and teth- 
nological communit) needs to know the degree to w hich 
the publk ai^cepts suentitK thinking. Such i^ommunita- 
tion may relate to health and nutrition, the safetv of 
nuclear power plants or airhne tra\ el, or the atcompjish- 
ments ol the national space program. Regardless of the 
topic. It the publk does not attept stienlific thinking in 
general, the impact ol these communications on specific 
issues mav be lost. 

iNo exact measures ol "stientilic" thinking have been 
iigreed upon, nor is it suggested that there is an absolute 
standard ol .scientific thinking against whi^h the re- 
spondents can be judged. Whatispossibk', however, is to 
identilv relatively tamiliai stUMut- and technologv -rc 
lated topics with'some popular appeal, and to tomp«ue 
public opinion on these topics uith common scientilit 
opinion. In this way* public acceptance of science and 
technology -e estimated. Six suth topics have been 
studied. (S( ^ 8-13.) 

Ikoad pu V .K^eptance was found for both the con- 
cept ol continental diilt and the health hazards of smok- 
ing. (See table «S-13.J I hese results suggest that the exten- 
sive media discussion of plate movement and earth- 
quakes has made some impressit)n on publit thinking. 
Similarly, the w ide coveiage of the smoking and health 
issue and the strong endorsem of the antismoking 
compaign bv the medical communitv have signifitantiv 
atlected public attitudes. As might be expected, atleiv 
tives show^ the nu)st support foi the scientifit position, 
lollowed by the interested publit and the remaining 
public. 

On the other lour tems, lumi 43 to 47 peuent of tlie 
publit do not lu)ld tiie usual stientifit npinion, ' On onlv 
one of them (luckv numbers) do those who accept the 



Hon aiu! IJov im\Uh p. 17. 
* In thelTi'iuh stiiiiv,'17 |H'ra*nto>;rird tlhit suciitistswdrklos.itKlv 
thoirainositvmori»th«intolu'lppi-i»pli' In J.ip.iii.ilu*Jiii'pt»iiki i»l lliis 
idiM iv.is sonicwh.it less t37 piTioiit). 



Ihisni.i\ t>i tu'LiUM i»! iitlur unl.iintli.int\ ^\ith tin sui ntiiu iipin 
kin iir rqi'i hon i»! it At pn-si-nt llu'so iwo timmo^s i.innot tn- scp.ir.iti'ii 
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Table 8-13. Public opinion on scientific questions: 1985 



Questions and responses 



Smoking causes serious health problems. 

Agree 

Disagree 

Don't know 

The continents on which we live have 
been moving their location for millions of 
years and will continue to move in the 
future. 

Agree 

Disagree 

Don't know 

in the entire universe, it is likely that there 
are thousands of planets like our own on 
which life could have developed. 

Agree 

Disagree 

Don't know 

Human beings as we know them today 
developed from earlier species of animals. 

Agree 

Disagree 

Don't know 

It is likely that some of the unidentified 
flying objects that have been reported are 
really space vehicles from other 
civilizations. 

Agree 

Disagree 

Don't know 

Some numbers are especially lucky for 
some people, 

Agree 

Disagree 

Don't know 

Rocket launchir, and other space 
activities have c^i.oed changes in our 
weather. 

Agree 

Disagree 

Don't know 



Total Attentive Interested Remaining 
puK" public public public 

Percent 



95 


97 


05 


94 


4 


3 


4 


4 


1 


1 


1 


2 


79 


89 


82 


74 


12 


8 


1 } 


^A 
1*4 


9 


3 


7 


19 


65 


72 


70 


60 


25 


21 


24 


28 


10 


7 


6 


1 c 




oo 


Af 
HI 


41 


47 


40 


46 


51 


7 


4 


7 


Q 


43 


46 


42 


42 


46 


44 


45 


A7 


1 1 


10 




1 1 
1 1 


43 


36 


48 


44 


53 


62 


49 


51 


4 


2 


4 


5 


44 


34 


41 


49 


44 


58 


47 


37 


12 


8 


12 


14 


2.005 


417 


517 


1.071 



'For each slatemont. plcaso tell mo if you genorally agree or generally disagreor 

Seo ai ondix table 8-14. Science & Engineering IndtcatofS-1987 



scitMilific view significonlly oiiliuiniber lliosc wIh) reject 
it Allonlivos accept llie scientific view more frequently 
liian ollners in lliree of llu^se four cases (effect of rocket 
launclnings on llie weallier, lucky numbers, and liuman 
evolution). In the case of unidenliHed flying objects 
(UFO's), allenlives show, if anything, a slightly greater 
tendency than others to believe in their exii-lence. This is, 
of course, a subject which has r'»ceived a great deal of 
fictional treatment and one which n do not consider 
to be settled. It also is noteworthy thai full «/0 percent of 
the af*<^ntive public do not believe in l-uman develop- 
ment from earlier animal species, and o. . third believe 



in lucky numbers or in the effect of human space activit:es 
on the weather. On the basis of these fmdmgs, il is fair to 
say that large numbers of Americans do not accept scien- 
tific views on many everyday questions. 

Certain characteristics of the public help to explain 
these responses. For example, men are much more likely 
than women to accept evolution and much less likely to 
believe that space activu.'es affeci the weather. Age also 
affects the responses to the individual qu;*stions— - 
though in widely different ways. Younger people are 
more likely to believe in evolution, but they are also more 
likely to believe in UFO's. Belief that space activities have 



ERLC 



affected the weather tends to be found at the two ex- 
tremes: among both the youngest and oldest respond- 
ents.'^'' Educational level is, as always, strongly associated 
with acceptance of the usual sci.:?ntific opinion The single 
exception is belief in UFO's, where there is only a slight 
variation of response with educational level, and the 
frequency of a "not sure" response is especially high at all 
educational levels. Even at the highest educational level, 
however, about one-fourth of Americans with graduate 
degrees believe space activities affect the weather, believe 
in lucky numbers, or do not believe in evolution. 

The Japanese public has interesting similarities and 
dissimilarities in its opinions on these questions. (See 
table 8-14.) Both publics are strongly in agreement about 
the dangers of tobacco and about the reality of continen- 
tal drift. Regarding life on other planets and UFO s, the 
Japanese show lower levels of acceptance and higher 
levels of "don't know" responses than the Americans 
surveyed.^" The greatest disagreement concerns the 
questions regarding evolution, where the Japanese 
showed much higher levels of acceptance and lower lev- 
els of rejection than did the Americans. Differences of 
question wording in the two surveys may be significant. 
Even so, among the five questions common to the two 
surveys (compare table 8-13 with table 8-14), the evolu- 
tion question ranks third on the Japanese list in terms of 
acceptance but only fourth or fifth on the American list. 
This is the only item of the five in which the Japanese and 
American ordering of the items is different, so that there 
is a genuine difference between the two publics in terms 
Of accepting evolution. 

Limits and Alternatives to Scientific Thinking 

The public's acceptance of scientific thinking can also 
be seen in its view of the scope and limits of science. (See 
table 8-15.) For example, public reaction on two issues 
has been studied, scientific understanding of the human 
mind and alternative medicines not recognized by sc 
ence. Both of these should probably be thought of as 
areas which science has much to learn and on which it 
may develop clearer positions in the future. A majority of 
respondents agreed that the human mind is not as ac- 
cessible to science as is the physical world. Even atten- 



^Fora study of the acceptance of p^>uudobCIcnLCsby various elements 
of the French public, see Boy and Michehit (1984), pp. 15b0-15b7. On the 
accepjance of parapsychology and similar phenomena m the United 
States, see Greeley (1987), pp. 47-49. 

^T'he 1982 French survey found 33 percent believing in UFO's, 57 
percent not believing, and 11 percent "don't know s." See Bon and Boy 
(1984b), p. 9. This is shghtly more skeptical than the American and 
Japanese responses. 

*'See National Opinion Research Center (1980), p. 254. The 1982 study 
of the French population found 3b percent who disagreed with the 
statement that science will make it possible to understand the function- 
ing of the human mind completely, 5b percent accepted some degree of 
possibility that this may happen, and 9 percent had no opinion. See Bon 
and Boy (1984b), p. 13. In the 1987 Japanese study, 85 percent agreed 
that even if science and technology develop, they cannot explain man's 
mind. Eight percent disagreed and b peuent had no opinion. There are 
differences of questions wording— especially regarding the French 
question — but the Japanese response seems more skeptical about the 
capabilities of science than does the American response. 



tives support this position. A similar view was expressed 
in 1979, when only 23 percent agreed that we can, by 
scientific study, find out "just about everything" about 
humaa behavior. (Another 68 percent said "some things 
but not others."*') A large majority agrees that there are 
good ways of treating sickness that medical science does 
not recognize.^- These two questions suggest that there is 
an area of personal iife and values in which the public 
feels that science does not have the last word. 

Astrology is a method of analyzing human characters 
and of predicting the future that scientists generally con- 
sider to have been refuted by the development of science. 
Adherence to astrology thus is another indicator of accep- 
tance (or nonacceptance) of scientific thinking. About 15 
percent of the public reads astrology reports "every day" 
or "quite often." In 1979, 21 percent reported doing this.^'' 
Only 8 percent said they decide to do or not do some- 
thing because of their astrological forecast for that day. 
(See table 8-15.^^ The figure in 1979 was 5 percent; the rise 
from 1979 to 1985 is statistically significant at the 95- 
percent level.) Belief in astrology therefore is not nearly 
as widespread as the belief that science has limitations 
with regard to the human mind and the belief in alter- 
native medicine. There is some confusion about astrolo- 
gy's status as a science: 8 percent of the public regard 
astrology as "very scientific" and 31 percent regard it as 
"sort of scientific." If the public is not clear about what is 
and is not a science, then it also may not be clear on what 
views are regarded as scientific. This ma> help to explain 
the lack of acceptance of scientific thinking illustrated on 
table 8-13. 

Belief in the liniits of science is broadly distributed in 
the population. In terms of age, for example, it is the 
youngest group (age 18-24) and the oldest group (65 + ) 
that believe most in astrology and in the limits of science 
m understanding the human »iind. Thus, belief in the 
limits of science is not simply associated with an older 
generation possibly clinging to outdated, nonscientific 
values. There is also a youthful component that shares 



* In the French stud>, 54 percent said that there ccrtainl> or possibl) 
are illnesses that it is better to treat by means other than medicine 
Thirty-seven percent disagreed and 10 percent had no opinion. See Bon 
and Boy (198^a), p. 13. In the Japanese study, 73 percent agreed that for 
some illnesse.s, it is better to be treated by methodj; other than modern 
medicine, 18 percent disagreed and 9 percent had no opinion The 
Japanese response seems quite similar to the American, while the 
French response seems more supportive of the exclusive claims of 
medical Science. 

*^See National Opinion Research Center (1980), p. 276 Some dif- 
ference between the questions used in the two >ears should be noted 

"Similarly, 8 percent of the French pupulahun reported in 1982 that 
they take account of horo.scopes in their lives ''always'' or "often." See 
Bon and Boy (1984b), p. 10, and Bon and Michelat (I'>84) Thirteen 
percent of Japar.ese respondents stated that the> change their actions 
according to their horoi,cope for a given da> hi France and Japan, 
interest in astrology increases the y ounger the respondent is, in the 
United States, interest increases among both the youngest jnd the 
oldest respondents. 

*''Fifty-seven percent regard it as not at all scientific In France, astrol 
ogy seems to be even more widely respectec with 53 percent statir.g 
that It is a science and only 30 percent that it is not The rest say it 
depends on the case (8 percent) or don't know (8 percent) See Bon and 
Boy (1984b), p. II. 
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Table 8-14. Japanese public^s opinion on scientific questions: 1987 



Q"gs^'^"S Agree Disagree Don't know 







~ Percent ■ 




Tobacco has a very bad effect on human health 


90 


8 


2 


The continents are moving slowly over the course of 








many millions of years 


78 


5 


17 


Humans have evolved from animals 


75 


12 


13 


Just as on earth, there are a great many planets in the 








universe on which life forms exist 


49 


22 


29 


UFO's are real 


34 


35 


31 



N = 2.334 



'Wha! do you think of the following matters?' 

SCXIRCE: Oince ol the Prime Minister of Japan (i988) Science & Engineering lndicators~l987 



Table 8-15. Public views of the limits of science: 1985 



Scientists will never be able to understand 
the working of the human mind as well as 
they understand the physical world. 

Agree 

Disagree 

Dcn't know 

There are so.Tie good ways of treating 
sickness that medical science does net 
recognize. 

Agree 

Disagree 

Don't know 

Would v*ou say that astrology is . . . 

Very scientific 

Sort of scientific 

Not at all scientific 

Don't know 

Do you sometimes decide to do or not do 
something because your astrological signs 
for the day are favorable or unfavorable? 

Yes 

No 

Don't know 



Total 
public 



88 
4 



Attentive 
public 



Interested 
public 



Percent ■ 



90 
2 



2.005 



417 



88 
4 



517 



Remaining 
public 



59 


52 


60 


62 


35 


43 


36 


31 


6 


5 


5 


7 


75 


72 


76 


76 


17 


21 


16 


17 


7 


6 


7 


7 


8 


6 


9 


9 


31 


30 


30 


31 


57 


60 


59 


55 


4 


4 


2 


5 


8 


8 


8 


8 



86 
6 



1,071 



See appendix table 8-15. 



Science & Engineering Indicators— 1987 



some of these doubts. No j,jnder differences are signifi- 
cant, except for tbo larger number of women who act on 
astrological forecasts Education is strongly related to 
belief in astrology; 17 percent of those without a high 
school education sometimes act on astrological forecasts, 
■fhis includes J 3 percent of the men without a higii school 



'"Ibro dis( ussion of ihis phonomcnoii in the lT(Mirli context, sec IJov 
»ind Michdat (1984). 



education and 22 percent of the women. Similarly, those 
with lower levels of education are more often convinced 
that the human mind is inaccessible to science. The ques- 
tion about treatments that mediccJ science does not rec- 
ognize has virtually no dependence on demographics: 
about three-quarters of every group surveyed (as shown 
on appendix table 8-15) believe that there are good meth- 
ods of treating illness oiuside medical science. 
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Table 8-16. Public perception of U.S. standing in science and technology in 
comparison with other countries: 1985 



Area and country 



Basic scientific achievements: 

Japan 

Soviet Union 

West Germany 

Great Britain 

France 

Military technology: 

Soviet Union. 

West Germany 

Japan 

Great Britain 

France 

Civilian or industrial technology: 

Japan 

West Germany 

Great Britain 

France 

Soviet Union 



Percent considering the U.S. 
Ahead Same Behind Don't knovj 
Percent 



36 


30 


29 


6 


43 


33 


15 


8 


58 


27 


7 


7 


70 


18 


3 


8 


75 


14 


3 


8 


33 


40 


20 


6 


70 


21 


3 


5 


73 


16 


5 


5 


76 


16 


1 


6 


80 


12 


2 


6 


11 


18 


66 


4 


49 


35 


10 


6 


69 


21 


3 


7 


73 


18 


3 


6 


75 


15 


4 


6 



N 2,005 

•In terms of basic scientific achievements, would you say that the United States is ahead of West Germany, 
behind West Germany cr at about the same level?" 

See appendix table 8-16. Science & Engineering Indicators— 1987 



U.S. Versus Foreign 5 lence and Technology 

Besides considering public acccptdnce of :>cientific 
thinking in general, the survey measured the publics 
views of American science and technology in comparison 
with the efforts of other countries. Tlv* resulting informa- 
tion reflects the influence on public opinion of news 
items aboui unfavorable changes in the balance of trade, 
weaknesses m the U.S. educational system, Nobel prices 
received by Americans, and foreign efforts to acquire 
U.S. military technology. The question was asked sepa- 
rately about basic science, military technology, and in- 
dustrial or civilian * hnology, rather different responses 
were received in each case. (See table 8-16.) 

With regard to basic science, the majority agrees that 
the U.S. 15 ahead of Germany, France, and Britain. The 
most common opinion is that the U.S. is also ahead of the 
Soviet Union and japan. Many think, however, that the 
U.S. IS at about the same level as or even behind these 
two countries. For this question, the attenti\ es have the 
greatest confidence in U.S. achievements, thu interested 
public the next highest lev^l of confidence, and the re- 
maining public the least. (See appendix table 8-15.) 

With respect to military technology, high percentages 
believe that the U.S. is leading the other noiKommunist 



countries, including japan. On the other hand, the most 
common opinion about the Soviet Union is that it is on 
the same le\el as the United States. Fewer Americans 
think the U.S. is leading the Soviet Union in military 
technology than in basic science. Excepi in the case of the 
U.S.S.R., there is little difference between the responses 
of the att;,nti\e and the interested public on this ques- 
tion. Both groups, however, are more optimistic about 
U.S. accomplishments than is the remaining public 

In the case of industrial or civilian technology the 
responses are quite different. A large ma)\irity thint s the 
U.S. behind japan, this response docs not occur with 
any othei field or an) other country > Majorities put the 
U.S. ahead of Britain and France; there is weaker agree- 
ment that the U.S. is ahead of West Germany, There is a 
dear belief that the U.S. is leading the U S.S 'R„ which is 
not the case when speaking of basic science or military 
technologv On this question, there was iTiuCh less dif- 
fere.KC of irmion among the attentives, the interested 
public, and others. Only w ith regard to France and Brit 
am is there a significant gap among the groups: it occurs 
between the interested public and the remaining public. 

These results show that there is a general feeling that 
the U.S. leads France, Britain, and-to a lesser extent - 
West Germanv in science and technulogN U.S. superi- 



^^A CBS News NrtV )orK Itwc^ poll troni SeploniluT I ^- Iv. Unuui 
14 porcont snyinj; th«il tlie Soviet Union is In'ttor tli.in iho United Sl«ites 
in sCKMiliiic rVstMroh, wliilo (w perconl lliink the U.S is bvlWr 



!W I roncli stmlv »ouiuI tli«il the I'reiuii lonsuler themselves 
lielinul the AnuTiuns, jjpjiuse, St>\iels, ,huI West (.erni.ins in suen 
htk «inJ teihnK.il*Hu»mplishnu Ills hut .it the same le\eLisor.ihe,ui o( 
the !5rilisli. See Bon ond I5ov p =^2 
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only to West Germany is considered greatest in military 
technology. This may be because that country is not a 
nuclear power, yet West Germany is considered stronger 
than France and Britain, which are nuclear powers. 

With respect to Japan and the Soviet Union, it makes a 
great difference whether one is talking about basic sci- 
ence, military technology, or civilian technology.^ Japan 
is given high marks in basic scientific research, but as a 
non-nuclear power with minimal armed forces, it is seen 
to be well behind the U.S. in military technology. The 
public has reacted very strongly to the Japanese achieve- 
ment in technology and trade by placing Japan far ahead 
of the United States in industrial technoK:)gy. The high 
rating given to Jap'::n in basic science may partly reflect 
the American public's perception of this success in tech- 
nology and trade. The Soviets are also given relatively 
good marks in basic scientific research. But, unlike the 
Japanese, their military technology is rated higher than 
their ranking in basic research would suggest, while their 
civilian technology is rated lower. 

The Japanese public, in the 1987 survey, were also 
asked to compare various countries with resptct to vari- 
ous aspects of science and technology. The same six 
countries discussed above were ranked from 1 to 6 ac- 
cording to their degree of progress in basic science and 
technology, industrial technology, and technology re- 
lated to everyday living.^' (See table 8-17. For the average 
rankings, see appendix table 8-17.) 

The Japanese consider the United States to be clearly 
ahead of them in basic science and technology. They 
consider themselves ahead of all the other countries, 
however, with the Soviet Union the closest competitor. 
This is very similar to the ranking that Americans give to 
these countries with respect to basic scientific achieve- 
ments (see table 8-16), except that Americans are not as 
convinced that their country is ahead of Japan. Although 
the Japanese consider the United States to be leading :n 
all three aspects of science and technology (see appendix 
table 8-17), it is with respect to basic science and tech- 
nology that the United States is given the greatest advan- 
tage relative to the other countries. 

With respect to industrial technology, the Japanese 
again consider the United States to be leading Japan, but 
only by a very small margin.*"^ Other countries are far 
behind. This is the area in which the Japanese rank 
themselves closest to the United States. (See appendix 
table 8-17.) This ranking, however, is nothing like the 
American view that Japan is clearly leading in civilian or 
industrial technology. (See table 8-16.) 

The Japanese study «iSo asked for a ranking of coun- 
tries regarding technology related to everyday living. 



The responses on table 8-16 suggest that the public is sometimes 
able to make the distinction between science and technology. 

^^Becauseoftheivaythequestion was asked, onr country could not be 
on the same level as another, so that there is no c lumn labeled "same" 
on the table. 

"More detailed data show that 43 percent of respondents ranked the 
United States first, and the same percent ranked Japan first. However, 
38 percent ranked the United States second, while only 28 percent 
ranked Japan second. Consequently, the United States has a small lead 
in the avertige rankings. (See appendix table 8-17.) 



The United States was clearly placed ahead of Japan in 
this ared, in spite of Japanese accomplishments in con- 
sumer electronics and other household products. In this 
case, the Soviet Union was rated the lowest of the six 
countries. This is similar to the U,S. survey, which 
ranked the Soviet Union lowest in civilian or industrial 
technology. (See table 8-16.)" 

SCIENCE VsJD TECHNOLOGY POLICY AREAS 

Funding for Basic Research 

A number of specific policy areas were selected for 
special study. These supplement the rather broad ques- 
tions discussed above by moving away from science and 
technology in general and into matters of practical con- 
cern. For example, 79 percent of the public believe that 
the Federal Government should support research that 
advances the frontiers of knowledge, even if this research 
brings no immediate benefits. (See table 8-18.) The public 
therefore does not expect all Federal research funding to 
be devoted to specific applications. Stronger support for 
basic research funding is found among more educated 
people, as in other cases, and also among those aged 
25-34. (See appendix table 8-18.) 

Restriction of Research 

Another policy issue involves the public's wish that 
scientists not be allowed to conduct research on certain 
topics. The freedom to select their own research ques- 
tions is considered a precious right by most scientists; it is 
recognized, however, that the public has a growing inter- 
est in what research is conducted and to what ends. 
Given a list of research areas, the public would not like to 
see research prohibited in most of them, attentives are 
against the restraint even more than are others. (Sec table 
8-19.^) One exception to this, however, is research de- 
signed to create new biological or chemical weapons, 
which about two-thirds of each group is willing to re- 
strain. Also, in 1983, about as many were opposed to 
research that would enable parents to select the sex of 
their child. (See appendix table 8-19.) Another area 
provoking strong resistance is the kind of study that 
might lead to the creation of new life forms. The response 
to this question seems to depend stro .gly on question 
wording. Opposition is considerably greater when there 
is no specific mention cf plant and aninuil life. (See ap- 
pendix table 8-19.) In this case, respondents seem to be 
reacting to a vague notion of some nondescript life form. 

It is notable that there is no widespread opposition to 
the controversial practice of medical experimentation on 
animals. This is true even for such domestic animals and 
primates as dogs and chimpanzees. (See appendix table 
8-19.) An Associated Press poll in 1985 found strong 



^hus, the Japanese survey seems to have ^pl^t the U.S. survey item 
on civilian or industrial technology mto two items: muustrial tech- 
nology and technology related to daily living. 

■^In many of these cases, respondents may be evaluating the slated 
outcomes of the research, rather than the desirabilitv of curbmg the 
research itself. On the response of attentives, see Miller (1988). 
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Table 8-17, Japanese public's perception of Japan's standing in science and 
technolopy In comparison with other countries: 1987 





Percent considering Japan 


Area and country 


Ahead 


Behind 


Don't know 


Basic science and technology: 










20 


73 


7 






37 


9 




60 


28 


12 




76 


11 


13 




78 


8 


14 


Industrial technology: 












48 


7 




72 


15 


14 




74 


15 


11 




78 


7 


16 




79 


4 


16 


Technology related to everyday living: 






8 




37 


55 




66 


20 


15 




71 


14 


15 




72 


12 


16 




77 


10 


13 



N = 2.334 



"For each of the areas listed below please rank the following countries according to their degree of progressr 
See appendix table 8-17. Science & Engineering Indicators— 1987 



Table 8-18. Public support for basic scientific research, by attentiveness: 

1985 

Total Anentive Interested Remaining 
public public public public 



Even if it brings no immediate benefits, 
scientific research which advances the 
frontiers of knowledge is necessary and 
should be supported by the Federal 
Govemment. 

Agree 

Disagree 

Don't know 

2,005 417 517 1,071 



See appendix table 8-18. Science a Engineering Indicate rs~l 987 



Percent 



79 88 83 73 

16 10 15 19 



support for experimentation on animalb for the purpo»>e*> 
of research on specific dibeabeb (81 percent), babic re- 
search (72 percent), and allergy testing (61 percent)." 
While 76 percent of respondents thought that animals 
have rights, 38 percent of those with that opinion be- 
lieved that the use of animals in medical research does 
not violate those rights. On the other hand, 46 percent of 
Ihose believing animals have rights — or 35 percent of the 
entire sample— believed that experimentation does vio- 
late antmal rights. This is similar to the 30 percent on 
table 8-20 who do not believe that scientists should be 



'•'"Associated Prcss/Medin General (1985). 



allowed to conduct such studies. The AP study found 
thai approval for animal experimentation varies with the 
type of animal, ranging from rats (88 percent) and rabbits 
(77 percent), to monkeys (69 percent), cows (58 percent), 
and dogs (55 percent)/"^ 



**rhc [intjsh public bcems mure uppustil U» LxpLnmLntatiun i>n«ini 
mals. When usk »ibuut mcdiuil rLs*.»ifch umh^ jmmalj, U^i dru^s. 
lb percent m 19^3 menliuned Ihi.s >.i>mc thing tlu v favored develop 
ing Uirlher, ^6 percent mentioned it as something they did not favor, 
and 27 percent did not respond. See MORI (lv85), p. V. By comparison, 
63 percent oi the American respondents in 1985 saiv^ that scientists 
should be allowed to conduct studies on animals under staled tondi- 
lions. (Cf. table 8-19.) 
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Table 8-19. Percent of U.S. and Japanese publics willing to allow research to 
be conducted in certain areas 



Should be Should not Donl care,* 
Subject and country allowed be allowed don't know 

Percent • 

Studies that might enable most people in 

society to live to be 100 or more: 

United States 53 26 6 

Japan 20 51 29 

Studies that cause pain or injury to animals like 
dogs and chimpanzees, but which produce new 
information doout human disease or health 
problems: 

United States 63 30 7 

Japan NA NA NA 

Studies that might discover intelligent beings In 
outer space: 

United States 64 29 6 

Japan 21 49 30 

Studies that might lead to precise weather 

control and modification: 

United States 60 36 4 

Japan 36 44 20 

Studies that might allow scientists to create new 

forms of plant and animal life: 

United States 52 42 6 

Japan 10 67 22 

Studies that are designed to create new 

biological or chemical wsapons: 

United States 29 66 6 

Japan NA NA NA 

N (United States, 1985) = 2.0f>5 
N (Japan, 1987) ^ 2,334 

* This response was explicitlyofferedtothe respondents in the U.S. survey. In the Japanese survey it was not. but 
was recorded if the respondent offered it. This difference would tend to increr^e the relative numbers of 
Americans giving this answer. 

SOURCES: Japan: Office of the Prime I^iniste: of Japan (1987): United States: Miller (1988) 

See appendix table 8-19. Science & Engineering lndicalors-1987 



The Japanese public v: more willing than the American 
public to stop research in certain areas. (See table 8-19.) 
Four questions were a ^ked paralleling those in the Amer- 
ican survey. In each case, more respondents wished to 
stop the research than wished to pursue it. ' The Jap- 
anese response thus was more negative than the Amer- 
ican in every case. The Japanese were most negatixe 
about research to create new life forms, which was also an 
area of concern to Americans.^" On the other hand, the 



Japanese gave their highest support to research designed 
to lead to weather control. 

Government Regulation of Science and Technology 

A similar question has to do with the proper level of 
regulation of scientific and technological activities bv 
government. The reply can serve as an indicator of the 
level of public comfort or discomfort regarding those 



""The American question w«is "f'ore.icli study, please loll me whether 
you think scientists should or should not he "allowed condui t th< 
kind of research If you don't caa» one way or the oIIk |Usl |;ive that 
answer" In Japan, the question was "Do vou think the following; iv pes ol 
research should he pursued^ Or should Ihev he stopped'^ ' 

'"^here was also quite a hi|;h level of "don't know" responses, so Uial 
altopther the responses si!pporlln>; the several areas o\ restart h were 
distinctly lower llian in the American survev. 



'The BriJish also have strong; feelin|;s ahout such researcli. When 
asked whether they tavored turlher developments in cross hreedinj; ot 
different species ot animals • nly 7 percent responded attirmalivelv. 
Sixly-ei>;ht percent nienliomd this a^ a development Ihev would op- 
pose bcm^ lurther developed, .wid 27 perient did not mention this 
subject. See Mt)KI (Imh^K p- 'f. I his uas llie least lavtjred ot the 2(> 
possible developments otteri 
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Table 8-20. U.S. and Japanese opinions concerning present levels of 
government regulation of various areas of science and technology 

Area Too low About right* Too high Don't know 



N (United States. 1985) = 2.005 
N (Japan. 1987) = 2,334 



• Percent ■ 



Use of food additives: 

United States 38 25 30 7 

Japan , 79 12 3 6 

Construction of atomic power piants: 

United States 29 34 30 7 

Japan 54 29 6 11 

Manufacture of new pharmaceuticals: 

United States 21 55 16 8 

Japan 54 23 13 10 

Genetic engineering research: 

United States 20 42 16 22 

Japan 42 26 10 2\ 

Basic research: 

United States 17 56 12 15 

Japan 18 46 16 19_ 



United Slates: "I'm going to read you a short hsl of activities, and for each one I'd like for you to tell me whether 
you think that the present level of governmental regulation is loo high, loo \cw, or about right; 
Japan: "For the following issues, do you think that government regulations should be lightened or loosened?" 
* This response was offered explicitly to the respondents in the U.S. survey. In the Japanese survey it was not. but 
was recorded if the respondent offered This diffeience would lend to increase the relative numbers of 
Americans giving this answer. 

SOURCES: United States: Jon D, m\ei (19S8): Japan: Office of the Prime IVIinisler of Japan (1988) 

Science & Engineering Indicators— 1987 



activitiob. Both thejapancbe and American publicb were 
asked whether the present level of regulation in their 
countries is too low or too high in certair ireas. (See table 
8-20.) Both groups agreed that the levei of regulation in 
the area of basic research is about right, making this the 
least feared area of activity.'^* 

ui the other caseb, the japanebe bhuwed notably more 
debire for mcreabed regulation than did the Americans. 
Japanese are ebpecially concerned about chemical food 
additiveb; they albo bhow a btrong debire for more regula- 
tion of nuclear power plantb. In both of thebe cabeb, 
Amencanb are about equally bplit regarding more or lebb 
regulation. With regard to pharmaceutical manufacture 
and genetic engineermg rebearch, Americanb btill more 
strongly tend to accept the btatub quo, with large num- 
berb not wishing to bee any change and the remainder 
about equally divided for more and for lebb regulation. 
For these two technologieb albo, there beemb to be a much 



"'Since Kisic rosocirch «ind gcnoliccnj»inoenng roso*ircli received Lirge 
numbers of "don't know" responses from both lhej»ip.inese«ind Amer- 
icans, it IS fair to surmise lii.il these are relatively unfamiliar areas lor 
m«inv people, 

-'The Vmi l-reneh survev tciund only 21 pcrtcnl in lavor uf aJJinj; 
preservatives to foods, while 7^ percent were opposed an J 4 pcr<.ent 
had no reply, bcc Bon and Boy 0V.H4a), p. 33. t hus tlio I rendi set-m ti» 
share I lie Japanese concern on this subject. 



greater concern among the Japanese, and more desire to 
see increased regulation.*'* 

Advantages versus Disadvantages of Various 
Technologies 

The Arrierican respondents were asked to assess three 
policy areab in ' ?rms of the balance between the benefits 
and harmb they ha\ e brought, hi all three cases, there is 
more public support than resistance although nuclear 
power bhowb an amount of resistance neariy equal to the 
amount of support. (See table 8-21.) Nuclear power is 
also the only area where attentives have a high level of 
resibtance ca d where there is not a greater level of *;up- 
port among attentiveb than among others However, 
large minoritieb also exprcbb negative assessments of 
space exploration and genetic engineering. 

These reactions also can be studied in terms of re- 
spondents' demographic characteristics. (See appendix 
table 8-20.) Women are more critical of all three tech- 
nologies than are men. especially in the case of nuclear 
power. Education is strongly correlated wi^h support of 



It shiiuld be niilt\l that the Ameriuin survey was perfurmed before 
the a<.tident at the Sov lel nuclear plant at Chernnby I. w hile the Japanese 
survey was perfi)rmed alter tl Tussiblv this latl helps to explain the 
more nej;»ilive Japanese responses. 
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Table 8-21. Public assessment of three policy areas, by attentiveness: 1985 



Total Attentive Interested Remaining 
Area and assessment public public public public 



Percent agreeing 

Space exploration: 



B6n6fits arsalsr thr)n rn^t^ 






Of 


47 


Benefits equal costs* 


2 


o 


A 
*} 


2 


Costs arealer than bpnelit^ 


40 




oo 


46 






5 


4 


5 


Genetic engineering research: 










Benefits greater than risks 


49 


56 


52 


45 


Benefits equal risks* 


2 


2 


1 


2 


Risks greater than benefits 


39 


35 


35 


41 


Don't know 




6 


11 


12 


Nuclear power: 










Benefits exceed risks 


49 


49 


52 


48 


Benefits equal risks* 


1 


1 


1 


2 


Risks exceed benefits 


45 


48 


42 


44 






2 


5 


5 


N = 


2.005 


417 


517 


1,071 



"In your opinion, have the costs of space exploration exceeded its benefits, or have the benefits of space 
exploration exceeded its costs?" 

* Volunteered by respondents. 



See appendix table 8-20. Science & Engineering Indicators— 1987 



space exploration and genetic engineering research. '^^ In 
the case of nuclear power, there is no strong relationship 
between education and one's benefit/risk assessment; 
there is, however, a strong trend with age, with younger 
respondents being more critical. 

REACTIONS TO CHALLENGER AND 
CHERNOBYL ACCIDENTS 

Technological disasters like the Challenger and Cher- 
nobyl accidents may influence general j..ablic perceptions 
regarding science and technology. The main survey re- 
ported in this chapter was performed in November-De- 
cember of 1985. To capture information related to these 
major events, two supplementary surveys were con- 
ducted. The first supplementary survey was scheduled 
in response to the January 28, 1986, explosion of the 
Space Shuttle Challenger. To investigate the effects of this 
accident on public opinion, the respondents interviewed 
in late 1985 were reinterviewed immediately after the 
accident, in January-February of 1986. At the time of this 
supplementary survey, the accident was fresh in people's 
minds and the President had just addressed the Nation 
on television, strongly supporting the continuation of the 
space program. 

Several months later, the Roger: Commission report 
was published, reinforcing news reports about defective 
O-rings in the rocket boosters and management failings 
c's having contributed to the accident. To measure the 
effect on public opinion of this information, and to deter- 



Genetic cnguiccrui); rcse^ircli tilM»gels the liiglie.st number ut don t 
know" respimses lhej>e tire cuncchtrdteJ tinu.n^v»Mcr rchpundents ,uul 
those with the lowest levels of educntlon. 



mine whether the first reactions to the accident had per- 
sisted, a second supplementary survey was done m June- 
July of 1986. 

Between thebe two supplementary surveys, another 
technological disaster came to public attention. In April 
1986, the Soviet nuclear power plant at Chernobyl exj^eri- 
enced a major accident, and released radiodcave mate- 
rials into the environment. The June supplementary sur- 
vey thus provided an opportunity to measure changes in 
attitudes toward nuclear power also. Both supplemen- 
tary surveys were able to take advantage of the baselmo 
survey that had been done in late 1985, before either 
accident had occurred. 

Reactions to Space Shuttle Accident 

In February 1986, right after the Challenger accident, 
only a minority considered it a major setback tor the 
space program, and nearly everyone thought the 
manned shuttle flights would be resumed. (See table 
8-22.) With regard to the accident's causes, people were 
about evenly divided as to wl'jlher there was a basic 
design error or a flaw that might have led to the explo- 
sion. A majority believed that accidents could be ex- 
pected from time to time in such complex machines as the 
shuttle and that the problems that had caused the acci- 
dent would be found and corrected so that the shuttle 
program would continue. Soon after the explosion, the 
suggestion was maue that manned flights be de-empha- 
sized in favor of unmanned vehicles. Even the explosion 
did not lead to a majority favoring this alternative. About 
one half were willing to see Feeleral funds for the pro- 
gram increased if they are needed to modify the shuttle 
program or get it back on schedule. A large majority said 
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Table 8-22, Public reactions to the Shuttle Challenger accident 



February 1986 June 1986 



Percent agreeing 





37 


66 


Increase Federal funds for shuttle if needed 


50 


49 




50 


78 




83 


82 




31 


43 


Shuttle Is outstanding example of U.S. technology 


97 


97 




98 


98 


N = 


1J1V 


1,111 



' Although the February 1986 samp. ^ was greater lhan 1,11 Mhe resuUs shown here apply lo Ihe same 1.1 11 

people who responded in June 1936. 

Note; For question wording see appendix table 8-21. 

See appendix table 8-21. Science & Engineering Indicators— 1987 



the shuttle is still an outstanding example of American 
technology. In all, the first effect of the Challenger acci- 
dent was a significant show of support for the soace 
program. 

In June 1986, after the Rogers Commission had re- 
ported, another survey was done, again interviewing the 
same respondents as far as possible. By this time, there 
had been a thorough discussion of the shuttles technical 
and administrative problems. More respondents now 
believed that there was a basic design flaw and a majority 
was willing to characterize the accident as a major setback 
for the shuttle program. (See table 8-22.) More respond- 
ents also opted for reducing the number of manned 
flights. On other questions, there was very little change 
in opinion from February to June. The accident was at- 
tnbuted to the National Aeronautics and Space Admin- 
istration (NASA) more often than to anyone else, and 
was blamed on the booster and the O-rings more than on 
any other cause. About 75 percent agreed that the shuttle 
would be safe lo fly again once the rocket boosters were 
redesigned.''* While a very Utige majority continued to 
believe that the shuttle is an outstanding example of 
American technology, the numb t who strongi) agreed 
with this had dropped significantly. (See appendix table 
8-21.) Overall, while the respondents had formed some 
more negative judgments about the causes of the accident 
and its severity, they continued to be strong supporters 
of the program.***^ 

Attitudes Toward Space Program and Science and 
Technology Generally 

The February 1986 supplementary survey, conducted 
immediately after the shuttle accident, provided an op- 



portunit) to ask some of the same questions about gener- 
al attitudes toward science and technology that had been 
asked in November 1985. During this lime, the respond- 
ents had changed somewhat their evaluations of the 
space program in general. (See table -3.) 1 he number 
considering the program's benefits to exceed its costs 
actually went up, particularly the number considering 
the benefits to greatly exceed the costs. The number'''^ 
who considered the risks of nuclear energy and genetic 
engineering to strongly exceed their benefits went down 
from November to February. There wns an increase in 
those strongly agreeing that science makes life healthier, 
easier, and more comfortable; that the Federal Govern- 
ment should support even research that brings no imme- 
diate benefits, and that new inventions will always be 
found to cjunteract the harmful consequences of tech- 
nological development. The number agreeing that the 
benefi.s of scientific research exceed the risks had in- 
creased after the accident. (See table 8-23.) However, the 
main change here was an increase in those who said the 
benefits are slightly greater; the number saying they are 
strongly greater decreased substantially. Except for this 
last result, the general effect immediately after the shuttle 
disaster was to rally support for the space program and 
other aspects of science and technology. 

In June 1986, the question about the benefits and risks 
from science was asked agai, . At m( .c, from February to 
June a slight shift was found back to the opinion that the 
benefits of science are strongly greater than the risks, 
rather than slightly greater. (See table 8-23.) This change, 
however, was mu<.h smaller than that from November to 
February. With regard to space program costs and bene- 
fits, there was a decrease in Miose saying the benefits are 
greater than the costs and an :» crease in those saying the 



'-'I lovvever, 30 percenl nu)uj;hl it very likoly—aiul 55 percciil lhouj»hl 
it possible bill nol likely— Mi.il Ihore will be anollior shulllc accidcnl 
Willi in Iho nexl 25 yeius. 

'''In Ihe Jiiiv* survey 7! percenl also .i^'reed ih.il the U.S. space 
pro};rani shoula build a space station, 53 percent said it should try to 

land astronauts on Mars ui the nexl 15 vears, and 50 percent said the 

U.S. should develop a stienlUic and mining toliun on the miM>n in thai dis^^ns^ed in tlu' a niauidir vi llu-. paragraph an- frcm Miller 

time. See Miller (1987). ' 
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Table 8-23. Effect of the Challenger and Chernobyl accidents on general 
public attitudes toward science and technology 

November 1985 February 1986 June 1986 



Percent ■ 



Beneficial vs. harmful results of 
scientific research: 
Balance strongly favors beneficial 

results 47 

Balance only slightly favors beneficial 

results 24 

About equal* 5 

Balance only slightly favors harmful 

results 12 

Balance strongly f;»vors harmful 

results 5 

Don't know 7 

Benefits of space program vs. costs: 
Benefits substantially greater than 

costs 30 

Benefits only slightly greater than 

costs 25 

About equal* 3 

Costs only slightly greater than 

benefits 13 

Costs substantially greater than 

benefits 26 

Don't knov/ 5 

Benefits of nuclear power vs. risks: 

Benefits substantially exceed risks . . 30 

Benefits only slightly exceed risks ... 20 

About equal* 1 

Risks only slightly exceed benefits .. 13 

Risks substantially exceed benefits . . 31 

Don't know 4 

N= 1,111 

' Volunteered by respondents. 

Note: The same indivfduals were interviewed in all three surveys. 
SOURCE: Jon a Miller (1988) 



20 

59 
4 



37 

28 
3 



16 
5 

23 
30 

3 
12 
26 

5 



22 

55 
3 



33 

27 
2 

14 

18 
5 

26 
26 

2 
10 
28 

7 



1,111 



1,111 



Science & Engmeering Indicators— 1987 



cos's are grealen This change— while not enough to erad- 
icate the increased support previously :>een from 
November to February— suggests that nev/s events after 
the explosion, including the publication of the Rogers 
Commission report, may have weakened the initial surge 
of support for the space program following the disaster. 

Attitudes Toward Nuclear Power 

Some of the results discussed above also may havo 
been affected by the accident at the Sov iet nuclear plant .A 
Chernobyl, which occurred in April 1986, between the 
February and June surveys. Most respondents thought 
that the Chernobyl accident was due to basic design flaw s 
in the reactor although, perhaps paradoxicall), a majorit) 
also thought the operators and managers at Chernobvl 
were at fault. (See table 8-24.) Other paradoxes also 
emerge: the respondents agreevi by a small majority that 
the U.S. and other countries ^ dll pr^mj^t i|y depend on 



nuclear sources of energy 50 years f rom now. . the same 
time, most agreed that solar energy is the best long-term 
solution to the energy problem. In any case, a very large 
majority agreed that science and technology will provide 
a long-term solution to the problem. 

A very large majority also agreed that there are still 
major unanswered que. Mons about the safety of nuclear 
power plants in all countries. Further, 49 percent of the 
public believed that another nuclear accident such as the 
one at Three Mile Island is ''very likoly ' within the next 25 
years, another 37 percent considered it at least possible.' 
This is highl} similar to the opinion expressed in late 
1985— betore the Chernoby; accident (See table 8-9.) A 
smail mujc.it} felt that thf risk involved in generating 
nuclear power should block the construction ot new nu- 
clear power plants. There was no large shift in the public's 



ERLC 



164 J , 



perception ut the ribk-Lu'iietil balciiiLe ot niiLlear pouei 
from the .survey before the Chernobyl atLidenl lu the 
survey atler. (See table 8-24.) In tatl, largei ,shifls oi- 
curred between November 1985 and Febiuar\ I98(:>. 



Ancarrow, J.S., "Use of Computers in Home SludV/" 
(Wabhington, DC. U.S. Department ot EduLalion, Center 
for Education Statistics, 1987). 

Associated Press/Media General poll, Sept 1-7 1^^S5 

Bon F. and D. Boy, "Evolution de TOpinion Publique a 
I'Egard de la Recherche Scientifique entre 1972 et 1982/' 
Centre de Prospective et d'Evaluation, Minislere de Thv 
dustrie et de la Recherche (Paris: November 1983). 

Bon F. and D. Boy, U Science, la Technique el rOpinion 
Publique en 1982, Minislere du Redeploiement Induslriel 
et du Commerce Exterieur, Minislere de la Recherche el 
de la Technologic, Centre de Prospective et d'Exaluation 
(Paris: April 1984a), 



In summai>, the Chernob\l accident elicited some e\ 
ptessions of ineasiness and uncerlainl) about nuclear 
power, but doc. not seem to ha\e harmed the generally 
high level of public support foi scieiue and technology. 
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Bon r. and D. Boy, "Recherche sur les Altitudes de 
rOpinion Publique a TEgard de la Recherche Scienlitl- 
que," Document No. 4 of Li Science, In Technique ei rOpin- 
ion Publique en 19S2, Fondalion Nalionale des Sciences 
Poliliques, Pans, and Institut d' Etudes Politiques, Greno- 
ble (April 1984b). 

Boy D and G. Michelal, "Les Francais el les 'para- 
sciences', " U Retheiihe \b\ (December 1984), pp. 
1560-1567. 

Greeley, A., "My.slicism Goes Mainstream," AnieiiuUi 
lleal'h, Vol. VI, No. 1 (Januar\. February 1987), pp. 47-49. 

Kuroda, Y., C. lla\ashi, and T. Su/uki. "The Role of 
Language in Cross-National Surveys: American and Jap- 



Table 8-24. Public reactions to the Chernobyl nuclear plant accident: 

Ju ne 1986 

Agree Disagree Don't kno 



■ Percent - 



The accident in the Soviet Union was the result of 
basic flaws in the design of the Chernobyl nuclear 

power plant 72 15 13 

The operators and managers of the Soviet nuclear 
P'^.ver plant at Chernobyl appeared to be at fault in the 

accident 64 19 17 

Fifty years from now, all countries, including the United 
States, will depend prirfiarily on nuclear power for the 

generation of electricity 56 38 6 

Solar energy is the best long-term solution to our 

energy problem 63 30 7 

We can depend on science and technology for a long- 
term solution to the energy problem 89 8 3 

There are still major unanswered questions about the 

safety of nuclear power plants in all countries 92 6 2 

The risk involved in generating nuclear power is 
relatively minor and should not block the construction 

of new nuclear power plants 41 52 7^ 

N = 1.111 



SOURCE: Jon D. Mille: (1988) Science & Engineering Indicalors— 



REFERENCES 



ERIC 



165 



anese Respondents/' Applied Stochastic Models and Data 
Anahfsis, Vol. 2, pp. 43-59 (7986). 

Market & Opinion Research International Limited 
(MORI), "Public Attitudes to New Technology: Research 
Study Conducted for the Technological Chance Centre" 
(1985). ^ 

Miller, J.D., The American People and Science Polici/: The Role 
of Public Attitudes in the Policy P-ocess (New York: Fer- 
gamon Press, 1983a). 

Miller, J.D., "A National Survey of Adult Attitudes Toward 
Science and Technology in the United States," report 
prepared by the Annenberg School of Communications, 
University of Pennsylvania (19S3b). 

Miller, J.D. 'The American College Student: 1985," paper 
presented to the 1986 annual meeting of the American 
Educational Research Association, San Francisco, Cal- 
ifornia (1986). 

Miller, J.D., 'The Impact of the Challenger Accident on 
Public Attitudes toward the Space Program," report to 
the National Science Foundation (January 1987). 

Miller, J.D., Public Attitudes Toward Science and TechnoUm/, 
1985 (forthcoming 1988). 

National Opinion Research Center, "The Attitudes of the 
U.S. Public Toward Science and Technology," final report 
to the National Science Foundation in accordance with 
Contract No. C-SRS-7816839 Quly 1980). 



National Science Board, Science Indicators— 1980 (Wash- 
ington, DC: Government Printing Office, 1981). 

National Science Board, Science Indicators— 1982 (Wash- 
ington, DC: Government Printing Office, 1983). 

National Science Board, Science Indicators— 1985 (Wash- 
ington, DC: Government Printing Office, 1985). 

Office of the Prime Minister of Japan, Public Relations 
Office, Public Opinion Survey on Science, Technolo'^y, and 
SiKieti/ (in Japanese, forthcoming 19S8). 

Rossini, F.A. and A.L. Porter, 'The Use of Computer^' in 
IndustiidI Research and Development: An Analysis of 
the Industrial Research Institute Survey" (Georgia In- 
stitute of Technology, Office of Interdisciplinary Pro- 
grams, 1985). 

Science, "Science Sections m U.S. Newspapers Increase 
Dramatically in Past 2 Years," Science 235 Hanuarv 23, 
1987). ^ 

Smith, T.W., "Can We Have Confidence Confidence? 
Revisited," in U.S. Bureau of the Census, Special Dem)- 
graphic Analxpes, Meaburenient of Subjective Phenomena 
(Washington, DC: Government Printing Office, 1981). 

Vine, R.D., ed.. The Impact of Technoloj^ical Chan^ie in the 
Industrial Democracies: Public Atitudes 'toward Information 
Technolojii/ (Paris: The Atlantic Institute for International 
Affairs, 1985). 




ERIC 



Appendix I 
Appendix Tables 




Appenii'ix bies 



CHAPTER 1. PRECOLLEGE SCIENCE AND l/MHEMAT.CS EOUCAYiON 



\'\ 


Achievement scores in mnlhemolics, by oj;e. gender, nnd ethnicity: 1977«86 . 


174 


1-2 


Achievement scores in science, by oj;e, j;ender, ond * Jmicily: 1977*86 


174 


1-3 


Totiil scores on the SclioListic Antltndi* Ti»s! for htoU <i*h(w\l ciii<i<tiiic . i » i 
,s,\,t^ii vrii vJ^.llVM«l:>ut /\^iuiuuL iLM JIM iiij^ii suiooi Muuents Muenuing to moior in science ond 

cnj;ineerinj;, by race ond j;ender: 1975*86 


175 


M 


luuii scort.s on uu Dcnomsuc Apntuue le.s: lor nij»n school students intending* to major in science and 
enj;ineerinj;, by major discipline: 1975«86 


175 


1-5 


Averaue scores on the Scholastic Antitiidi* 'n»«;i rf>r rf)iii>tv<i.Kf\iin(f Ktivi« o«i«<v<vi ^ > ^ u.. ■ 
^'*h^ MiK. •^(.iiimiMi^ /\puiuuL iLM Kir coiiLge<i70unu nij;n scnool seniors, by ethnic sirotip and 

gender: 1976-87 ^ 


176 


1-6 


Average achievement scores in functions and calculus, highest-scoring 1 percent and 5 percent and all 
students, 12th grade college preparatoi uathematics students, by country: 1981/82 


177 


1-7 


Distribution by intended major field of students receiving highest scores on the SAT mathematics tosf 


177 


1-8 


90th percentile scores on the Scholastic Aptitude Tests for high school students intending to major in .science 
and engineering, by race and gender: 1975-86 


178 


1-9 


Percentage distribution of freshmen by probable major field of study in all institutions of higher education: 


179 


I-IO 


Larn!n«s o( individuals in teaching and In other selected occupations, by gender: 1961 and 1981 


180 


1-11 


L/iMriuunon oi LiLmtniary ana seconuary science anu nvithematics teachers by i»ender for various urade 
levels: 1977 and 1985/86 ' ^ 


180 


1-12 


u/i.^inuuiiun ui LiLmtniar) anu stconuary science and matheniu » teachers by race, for various erade levfls- 
1985/86 ^ ' ^ ^ . 


181 


M3 


I LrtLiii ui ciLiiuniary stnooi science leathers who have completed vanous college courses bv tirade kve 
taught: 1985/86 ^ ^ 


181 


1-14 


icrctni uisiriuuiion oi setoiutary school science teachers, by grade level and number of college courses 
completed in science, calcuhis, nnd computer science: l*>85/86 ... 


182 


1-15 


1 LitLiii iH sLLiinuar) scnooi stitnce leathers who have completed various college courses, by grade level 


183 


1-16 


1 trttni OI titmtniary sthool mathematics teachers who Iwve completed various colleije courses bv urade 
level taught: 1985/86 . ^ ' 


184 


1-17 


Percent of secondary school matlu-maties teachers who have completed various courses, by erade level 
taught: 1985 ^ 


184 


1-18 


Percent of secondary science and mathematics teachers who feel inadequately qualified to tench one or more 
of their courses: 1977 and 1985/86 


185 


1-19 


Percent of elementary and secondary :}chool science and mathematics teach, rs, by year in VL'hich they most 
recently took a college course in the subject they leaclr 1985/6 


185 


1-20 


Percent of elementary .^nd se^^ondary school science and nwthematics teachers bv time smmi m iiv«.rvir.» 
education during the last 12 months: 1985/86 


185 


1-21 


Supply of new teacher graduates, with alternative projections: P)70-9'' 


186 


1-22 


Demand for new classroom teachers in elementary and secondary seluwis: 1970*9'' 


186 


1-23 


Actual and projected public school enrollment: 1970-92 


187 


1-24 


Slates which have enticted testing for initial certification of teachvrs: 1986 


188 


1-25 


State-required Carnegie units (1-year courses) for high seluK)l graduation for language arts, social studies, 
mathenvitics, and science: 1958-86 


189 


1-26 


Slate minimum competency testing loi elementary and setondary school assessment purposes: 1985 . . . 


J90 


1-27 


Mean percentage of items taught (opportunity-to-learn) to eighth grade students by country nnd subiect 
matter: 198 1"2 , ' ' 


191 



ERIC 



168 ^ ' ^ 



1-28 Mean percentage of ilems laughl (opporlunily-lo-learn) to I2lh grade sUKlenls, I \ counlr) and subject 

mailer: 1981/2 '^^^ 

1-29 Mean percenl?^e score of eighih grauo sludenls on the inlernalional nialhen us Khiexemenl lesl, In 

country and subject matter: 1981/2 

1-30 Mean percentage score ot 12th grade studenLsun the iiiternattonal nictthematics achie\ement test, by country 

and subject matter: 1981/2 

1-31 Average percent new content in three malb«»matics text series— comparison of the first 200 pages and the 

remainder of the book 

1-32 Altitudes of 8th and 12th grade students towards mathematics in their personal lives. 1981/2 193 

1- 33 Attitudes of eighth grade U.S. students towards mathematics: 1981/2 194 

>34 Attitudes of 12th grade U.S. students towards mathematics: 1981/2 194 

CHAf^rtiR 2. HIGHER EDUCATION FOR SCIENTISTS AND ENGINEERS 

2- 1 U.S. population and college enrollment of 18- to 21-year-oMs, by selected race and gender, 1970-85 .... 195 
2-2 S/E graduate enrollments of U.S. citizens in all institutions, by field, race, and enrollment status: 1980-86 196 
2-3 S/E enrollment of U.S. citizenr in doctorate-granting institutions by field, race, and enrollment status. 1980-86 197 

2-4 Full-time S/E graduate students in doctorate-granting insUtutlons, bv field , tizenshlp: 1980-86 198 

2-5 S/E graduate students in doctorate- and master's-granting institutions, by field and enrollment status. 1980-86 199 

2-6 S/E posldoclorates in doctorate-granting institutions by field: 1980-86 200 

2-7 S/E graduate students in all institutions, by gender: 1980-86 200 

2-8 Region of origin of foreign students in the United States- 1974/75 to 1985/86 201 

2-9 Doctorates from U.S. universities: 1960-86 • 202 

2-10 Academic degrees awarded by degree level, S/E and non-S/E, and gender: 1960-86 203 

2-11 Median total years from receipt of baccalaureate to earning the doctorate: 1960-84 204 

2-12 Ei.follment and source of support of full-time S/L graduate students in doctorate-granting institutions: 

1980-86 

2-13 Fun-limeS/Egraduatestudentsindoctorate-grantmgmstitutions,by field and typeof major support. 1980-86 206 

2-14 Baccalaureate sources of 1984 S/E doctorate recipients, by institutional type 207 

2-15 Baccalaureate origins of Ph.D.'s for selected categories o undergraduate institutions, pre-1963, 1963-72, 

1973-82 

2-16 Type of baccalaureate institution of 1983-85 S/E doctora»e recipients, by gender and race of recipients 209 

2-17 Baccalaureate origins: producers of baccalaureates receiving 1984 doctorates 210 

2-18 Leading baccalaureate sources of 1984 S/E P'vD.'s, by productivity and institutional type 211 

2-19 Academic doctoral scientists and engineers, by age and field: 1977, 1981, 1983, and 1985 212 

2-20 Academic doctoral scientists and engineers, by primary work activity and field. 1981, 198^^, and 1985 213 

2-21 \cademic doctoral scientists and engineers who teach, by field and rank. 1981, 1983, and 1985 214 

2- 22 Proportions ot hill-time S/E graduate students in doctorate-granting in.^titutions, by gender, support, and 

field: 1986 - 

CHAPTER 3. SCIENCE AND ENGINEERING WORKFORCE 

3- 1 Employment status of scientists and engineers, by field and gender: 1976, 1980, and 1986 216 

3-2 Scientists and engineers as a percent of total U.S. workforce; 1976-86 217 

3-3 Average annual percent increases in en ployment in science and engineering, and other economic variables 

1976-86 ' 

3-4 Scientists and engineers, by field and primary work activity: 1976, 1986 218 

3-5 Scientists and engineers, by field and type of employer: 1976, 1986 219 

ERiC 



3-6 


L^mpiuytu aociorai scientisis ana engineers^ by held^ gendec and type of employer: 1973^ 1985 


220 


3-7 


I lupuiiKiii ui ^viLiiuM^ anu Lngmcerb empioyea in inclusiry^ by sector and field: 1977^ 1986 


221 


3-8 


iLLiiiiiLiiiii^ (.iiipKiyLii III irKuihiry/ uy neiu anu scciori \vi / , 1986 . 


221 


3-9 


iLiLLip UI rcLLiH ^/L octree retipienis empioyea in b/b jODs^ by degree and held: 1976, !936 


222 


3-10 


i^trr usiu i7o^ «->/L, u^^i^^ [LLipiLiiib worKiiig as compiiicr specialists in 1986/ by field 


222 


3-11 


L^iiipiu^iii^iii M<iiu> iH uiiLiuiiii hcieniisib auu engincirrS/ by Field and sender: 1973/ 1981 1985 


223 


3-12 


Lmpio)La aociorai scientists ana engineers by field, gender, and primary work activity: 1973, 1985 


224 


3-13 


•^LicLicu ^iiipK}^ iiiLiii Lntirai.lL ri:>ui.s oi scieiiiisis ana engineers, by field" 1986 


225 


3-14 


Estimates tind oroiections of tlie DODiiIation. hv colorh»H m>o nn^ww- to^n Toin 


226 


3-lj 


Number of non-ticademic scientists and engineers per 10,000 total labor force, by gender 


226 


3-16 


Distribution of scientists and engineers in manufticturing industry, by occuptition group, selected years . 


227 


3-17 


Scientists and engineers engaged in R&D tis a proportion of the total hibor force population, by country 
1965-86 


227 


3-18 


Lyidiuuuiiuii UI SLientisis ana engineers, by sector, tor selected countries and selected years 


228 


3-19 


oLiLiiuM^ tiiiu cnginLLrb engagea in resea'^n and development, by country 1965-86 


228 


3-20 


L/isiriuuiiuii OI scieniis.s ana engineers, by age group and selected countries 


229 


3-21 


L.«iipiu/iii^iii biaiub OI scieniisis ana engineers, by lield and race: 1976, 1980, 1986 


230 


3-22 


Employment status of Hispanic scientists and engineers, by field* 1986 


232 


3-23 


First universil - degree by field and country: 1984 and 1985 . . . 


233 



CHAPTER 4. RESOURCES fC?. R&D AND BASIC RESEARCH 



4-1 


Ntitiona! expenditures on research tind development, by source of funds, selected countries: 1970-86 


234 


4-2 


NatioHci; expenditures for performance of R&D tis a percent of GNP, l^y country: 1970-87 


236 


4-3 


Estimtited nondefense R&D expenditures as a percent of GNP, by country: 1971-87 


237 


4-4 


Research and development, by performer: 1960-87 


238 


4-5 


Research and development, by source and performer: 1960-87 


239 


4-6 


Ntitional R&D expenditures, by charticter of work: 1960-87 . . . 


240 


4-7 


Ntitional R&D expenditure, by sector and character of work: 1985 . 


241 


4-8 


Academic research and development and nonticademic basic research: 1960-87 


241 


4-9 


Nonticademic applied research- 1960-87 


242 


4-)0 


Sources of support for ticademic research and development: 1960-87 


243 


4-11 


Federal obligtitions for ticademic research and development, by agency: 1967-87 


245 


4-12 


Forms of Federal support for ticademic science and engineering, and NIH indirect cost ratio: r%.86 


246 


4-13 


Sources of support fo nonticademic basic reseaich: 1960-2" 


247 


4-14 


Federal obligations for btisic research at FFRDCs, by agency: 1967-88 


248 


4-15 


Federal obligtitions for basic research to intramural performers, by agency: 1967-87 


249 


4-16 


Expenditures for basic research in industry, by source of funds: 1960-87 


250 


4-17 


Federtil obligtiti'onb fo. "asic research in industry, by tigency: 1967-88 


251 


4-18 


Federal obligations for btisiV ^search, by field: 1976-88 . 


252 


4-19 


Expenditures for research and development by universities and . :)Ileges, by field- 1976-86 


253 


20 


Research and development expenditures tit universities and colleges, by field and source of funds: 1* i6 


254 


4-21 


Basic research expenditures in industry, by field: 1973-83 . . 


255 


4-22 


Plant and equipment expenditures in ticademic science and engineering, by source of funds: 1964-86 


256 



ERIC 



170 

ICO 



4-23 Capilal expeiidiUires at universilies and colleges by field and source ot funds. 1972-77 and 19r9-8(> . 2v 

4-24 Academic officials' viows regarding condilion of research facililies: 1986 258 

4-25 Academic officials' views op. suHkiency ot research space: 198() ^ 2->8 

4-26 Current fund expendiUires hr research equipment at universities and colleges, by field. 198l)-8(i . 

4-27 Expenditures under special Federal research instrumentation programs: 1981-85 

4-28 Awards to colleges and universities under special l-ederal instrumentation programs, by R&D ranking ot 

institutions 

4-29 Instrument needs, 1982/83, versus owards under .special instrumentation programs, 1981-85 260 

4-30 Condition of academic research instrument systems, by iiystem age 261 

4-31 National slock of academic instrumentation, by field 261 

4-32 Instrumentation' elated expenditures in academic departments and facilities, b> field 262 



259 
260 



262 



4-33 !:quipmenl«intensiveness of academic research by field: 1982/3 

4-34 Instruments in shared-access facilities, by status and field: 1982/3 263 

4-35 Instruments in shared-access facilities, by status, age, and field 263 

4-36 Institutional coauthorship, by field and selected years: 1973, 1977, 1981, and 1984 264 

4-37 Relative changes in Federal obligations for defense and nondefense R&D, by character of work. 1960-88 265 



CKAPTdR 5. ACADEMIC R&D AND BASIC RESEARCH: PATTERNS OF PERFORMANCE 

5-1 Academic research and developn:<:nt and basic research by performer: 1960-87 266 

5-2 Basic research expenditures by performer, for .•;elected countries 267 

5-3 Scientists and engineers in academic research and development and ba.sic research: 1986 268 

5-4 Ph.D. scientists and engineers m academic research and development and basic research. 1985 269 

5-5 Doctoral scientists and engineers in research, by gender: 197.1 and 1985 270 

5-6 Doctoral scientists and engineers in research, by race and type of employer. 1975 and 1985 270 

5-7 Foreign recipients of U.S. doctoral degrees with postgraduation plans, by field of science. 1972 and 1986 

5-8 Proportion of Ph.D. researchers who remained employed sn .^-eclor 1973/5 to 1983/5 

5-9 Scientists and engineers in academic lesearch and development and basic research: 1976-86 273 

5-10 Ph.D. .scientists and engineers in academic research and uovciopmeiU and basic research. 1977-1985 . . 27J 
5-11 Pr« porhon "*h.D. researchers employed in nonprofits and government who moved to other sectors- 

1973-85 

5-12 Proportion of Pi* D. researchers who moved between university and industry. 1973-85 

5-13 Cross-sectoral institutional coauthorship: 1973, 1977, 1981, and 1984 277 

5-14 United States cro.ss-sector citations: 1973, 1977, 1981, and 1984 278 

5-15 In.siitutional coauthorship between the industry and university sectors, by field. 1973-84 279 

5-16 Ways of relating to universities reported by business respondents, by size of company 

5-17 Ways of relating to universities repo.^ted by husine.ss respondents, by company stage of dc.-lopment 

Faculty consultants to small business, by field and type of institution 28» 

282 



271 
272 



275 
276 



280 



5-18 

5-19 Most active university patent clas.ses: 1969-85 

5-20 U.S. doctoral degrees awarded to foreign nationals as a percent of all U.S. doctoral degrees, by field. 1960-86 283 

5-21 U.S. doctoral recipients studying abroad, by field: 1967-83 284 

5-22 U.S. academic exchange visas issued: 1978-86 285 

5-23 Internationally coauthored articles, by field: 1973-84 .... 

5-24 International coauthorship, by U.S, sector: 1973, 1980-84 



285 
286 



ERLC 



171 



18 



5-25 Inlernationally comiUiorcd articles and all inslilulionally coaulliorcd arliclos, by counlry: 1973.W 286 

5-26 U.S. and world scientific and leclinlcal arlicles, by field: 1973-84 

5-27 Publications in the fields and subfields of international scientific literature: 1984 

5-28 Tola! «.>ferences in U.S. articlesand references in U.S. articles to articles from other countries, by field: 1974-84 

5-29 Relative citation ratios for U.S. articles Hy field: 1973-82 

5-30 International collaboration in Deep Sea Drilling Project research areas 

5-31 Scientists and engineeis leaving research for new at tivities: 1973/75 to 1983/85 ......... 



7-4 
7-5 



287 
288 
289 
290 
291 
2'*2 



CHAPTER 6. INDUSTRIAL RESEARCH AND TECHNOLOGICAL INNOVATION 

6-1 Industry performance and funding of research and development, for selected countries: 1970-87 

6-2 Expenditures for industrial R&D, by source of funds: 1960-87 

6-3 Expenditures for industrial R&D, by industry: J'"'>0-85 

6-4 Total employment of R&D-performing companies, by industry: 1960-85 

6-5 Federal funding of industrial R&D, for selected industries: 1980-85 

6-6 Company funds for research and development by industry: 1970-87 

6-7 Share of R&D funding provided by the Federal GovernmenJ in selected industries: 1980-85 

6-8 U.S. patents granted, by nationality of inventor: 1970-86 

6-9 U.S. patents granted to U 3. .nventors, by type of owner: 1970-86 

6-10 Shares of U.S. patents granted to inventors in various countries, by product field: 1975 and 1986 

6-11 U..S. patents granted to inventors in various countries, for selected technologies: 1975, 1986 

6-12 Success rates of patent applications to U.S. Patent and Trademark Office, by applying country: 1975, 1981 306 

6-13 U.S. employment, by size of firm: 1975-84 

6-14 Venture capital resources, commitments and disbursements: 1978-86 

wi5 Venture capital investments, by ir iuslry: 1984-86 

6-16 Venture-backed initial public offerings by small firms: 984-86 

6-17 Number of small firms active in selected biotechnology product groups in 198o 309 

6-18 Small firms active in selected biotechnology product gr -jps in 1986, by type of ownership 310 

6-19 Number of small firms active in biotechnology fields, by year of formation 

6-20 New products first marketed in 1985, by size of firm 



293 
294 
295 
297 
298 
299 
301 
302 
303 
304 
305 



306 
306 
307 
308 



312 



313 



CHAPTER 7. THE INTERNATIONAL MARKETS FOR U.S. TECHNOLOGY 

7-1 U.S. trade in high-technology and other manufacturing product groups: 1970-86 

7-2 U.S. exports as a percentage of shipnentj,, high- technology and other manufactured products: 1978-1985 314 
7-3 U.S. direct investment position abroad in manufacturing in selected nations and p.oduct groups: 1966-86 315 
i^^s^k"^?^^'''''^^^^^ ''^'P"'"^''^"'' ''^''^''"^ high-technology manufacturing and service 



3i6 



Foreign direct investment position in the Unit otates in manufacturing, by nationality of parent company 

in selected industries: 1979-86 ^ ^ 

318 

7-6 Foreign direct investment position in the U.S., high-technology industries: 1980-86 319 

7-7 U.S. receipts ana payments of royalties and fees associated with unaffiliated foreign residents: 1972-85 . 320 
7-8 Technology sales agreements between Japan and the U.S. and other countries, new and old aer^ement^j 

numberof agreements, and payments made: 1975-85 ' ^22 

7.9 Technology pu. chase agreements between Japan and the U.S. and other countries, newand old agreements 

number of agreements, and payments made: 1975-85 " 323 

7-10 Exports of high-technology products, by selected countries: 1965-84 324 



172 



7-11 U.S. trade in high-technology product groups, by region: 1978-86 326 

7-12 Exports of selected high-technology products, volume and market shares, selected countries. 1975, 1984 326 

7- 13 Direct investment positions abroad and shares of total international direct investment, major investing 

countries and world total: 1973-84 • • • • • • 327 

CHAPTER 8. PUBLIC ATTITUDES TOWARD SCIENCE AND TECHNOLOGY 

8- 1 Various segments of U.S. public attei.tive to or interested in science and technology: 1985 328 

« 

8-2 Reported understanding of various aspects of science and technology: 1985 328 

8-3 Actual understanding o.* various aspects of science and technology: 1985 329 

8-4 Reported understanding of various aspects of science and technology by Japanese: 1987 ...... 329 

8-5 Public using various information sources: 1985 230 

8-6 Weekly science and health sections in U.S. daily newspapers: 1977-86 330 

8-7 Computer use at home and at work: 1985 331 

8-8 Public assessment of beneficial versus harmful results of scientific research: 19b5 331 

8-9 Benefits and harms from scientific advance, for various countries: 1981-83 332 

8-10 Public expectations concerning future on f comes, by attentivenes. 1985 333 

8-11 Japanese public expectations concerning future outcomes: 1987 334 

8-12 Pubhc indicating "a great deal of cokifidenco" in the people running selected institutions; 1973-86 334 

8-13 Public image of scientists: 1985 ■ 335 

8-14 Public acceptance of scientific conclusions: 1985 335 

8-15 Public views of the limits of sc'ence: 1985 ■ ■ 336 

8-16 Public considenng U.S. ahead of other countries in science and technology, by attentiveness: 1985 336 

8-17 Japanese public's ranking of various countries on various aspects of science and technology: 1987 337 

8-18 Public support for basic scientific research: 1985 - 337 

8-19 Public willingness to restrain scientific studies: 1979-85 - 338 

8-20 Public assessment of three policy areas, by demographic group: 19^5 338 

8-21 Public reactions to Shuttle Challenger accident: February 1986 and June 1986 340 



183 



Appendix table 1-1. Achievement scores In mathematics, by age, gender and 

ethnicity: 1977-86 



Gender and ethnicity 1977/78 1981/82 1985/86 



Nine year olds — 

■^o^a' 54.1 54.7 55.4 

53.8 54.0 55.8 

^ema\e 54.4 55 3 55 ^ 

White 57.0 57.3 58.5 

B'ack 40.5 42.0 46.1 

i-^'spanic 45,2 45.8 46.6 



^ Thirteen year olds — 

■^Otai 62.7 65.2 63.8 

Ma(e 62.6 65.3 64.1 

^^"^ale 62.7 65.1 63.4 

65.9 68.0 66.3 

B'ack 47.6 52.1 56.6 

Hispanic 51.0 57.0 544 



Seven l<^en year olds 

"^Olal 62.9 62.1 62.9 

Male 65 63.9 64.5 

P'^male 60.9 60.3 4 

White 65.9 65.4 36.3 

Black 44.7 452 48.1 

Hispanic 48.7 47.6 51.0 



SOURCE: Educatronal Testing Service. National Assessment of Educational Progress 

See figure 0-16 in Overview. Science & Engineering lndicators-1987 



Appendix table 1-2. Achievement scores in science, by age, gender and 

ethnicity: 1977-86 



Gender and ethnicity 1976/77 1981/82 1985/86 



Nine year olds 

54.4 57.7 58.8 

Male 54.7 56.7 58.1 

Female 54. 1 58.6 59.5 

White 57.5 60.5 62.0 

B'ack 40.9 46 4 49 5 

Hispanic 42.1 45.9 494 



Thirteen year olds 

To^a' 54.5 54.8 55.1 

Male 55.7 56.(^ 557 

F^^le 53.4 53.1 53.5 

While 67.2 56.9 57.6 

Black 43 2 45.1 477 

Hispanic 43.2 47.0 456 



Seventeen year olds 

Total 71.3 68.8 71.5 

Male 73.4 71.1 734 

^'en^ale 69.2 66.7 69 6 

V^'hite 73.7 71.7 74.5 

^''^ck 56.8 54.8 60.1 

Hispanic 62.6 60.4 62.4 



SOURCE: Educational Testing Service. National Assessment of Educational Progress 

See figure 0-1 7 In Overview. Science t engineering lnd.cators-1 987 
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Appendix table 1-3. Total scores on the Scholastic Aptitude Test for high school sXuC Us intending to major in 

science and engineering, by race and gender: 1975-86 

Race and gender 197~'l977 1978 1979 1980 198^ 1982 1983 1984 1985 1986 

SAT Verbal Scores* 

All White StudenlS 474 4F7 466 464 461 462 462 461 464 468 468 

White males . 470 463 463 461 458 461 461 460 465 468 459 

White females ". 480 475 471 468 460 464 465 463 463 468 467 

All Black Students 361 352 354 349 351 352 361 357 357 363 363 

Black males 358 352 356 351 353 355 364 360 360 367 368 

Black females.: 365 051 351 347 349 349 357 354 354 358 357 

Other Students 433 414 406 402 403 400 400 359 397 403 403 

All Students 464 454 451 448 443 446 446 444 446 451 450 

. SAT Math Scores* 

All White students 530 528 524 521 521 520 522 523 525 527 527 

White male<^ 543 545 541 533 537 536 538 538 539 543 546 

Whitefemales .!. 505 498 494 493 495 494 495 497 501 501 496 

All Black students 393 384 383 385 390 391 396 397 399 403 400 

Black males 403 400 401 402 404 406 410 411 411 417 417 

Black females!; 381 367 365 367 374 375 381 382 387 388 382 

Other students 508 495 486 489 492 493 493 494 497 500 502 

All students 520 514 509 507 507 507 608 50 9 511 514 513 

» SAT scores f-sige between a low of 200 and a high ot 800. 

SOURCE: Jerilee Grandy. ^Ten-Year Trends .n SAT Scores and otner Characten.lics of High School Seniors lak.ng the SAT and Planning lo Study Math. Science, or 
Engineering.' unpublished report. Educational Testing Service (October 1987) 

Science I* Engineering Inuicators — 1987 



Appendix table 1-4. Total scores on the Scholastic Aptitude Test for high school students intending to major in 

science and engineering, by major discipline: 1975-86 

Intended Major Field 1975 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 

SAT Verba! Scores* 

Math & statistics 465 464 464 459 455 456 455 452 457 459 469 

Computer science 439 439 436 432 429 427 426 422 420 423 413 

Physical sciences 520 518 517 516 513 515 514 513 514 521 526 

Architecture/environmental engineering . 432 424 423 418 415 414 413 412 415 A? 419 

Enqineerinq ''♦53 451 450 448 446 448 451 450 455 45o 455 

Life sciences 468 461 460 457 453 455 456 457 462 467 464 

Earth & environmental sciences 464 457 455 453 451 451 449 451 454 457 458 

Psychology 451 444 439 435 434 433 435 437 436 440 ^41 

Social sciences 476 449 443 443 445 446 453 454 457 461 453 

InterdisdpHnary/other'sciences 499 515 512 509 506 510 507 503 509 507 520 

Total Science. Math & Engineering 464 454 451 448 446 446 446 444 446 451 450 

■ S/ Math Scores' 

Math & statistics 584 588 585 580 577 572 569 572 578 578 593 

Computer science.... 524 529 522 '17 513 502 497 497 496 501 489 

Physical sciences 592 595 590 586 585 580 582 583 583 587 598 

Architectuie/environmental engineering . 509 506 501 496 494 489 487 486 486 491 494 

Enqine'^rinq 546 550 543 540 538 537 540 543 546 548 553 

Life sciences . 509 500 496 493 490 489 489 49^ 499 505 504 

Earth & environmental sciences 500 501 495 490 489 486 485 485 485 487 489 

Psychology 461 455 449 447 447 447 446 449 453 455 455 

Social sciences 495 465 456 457 460 461 464 468 470 475 469 

interdisciplinary/other sciences 569 593 585 578 574 575 572 572 575 575 589 

Total Science. Math & Engineering 520 5K 509 507 507 507 508 509 511 514 513 

« SAT scores range between a low of 200 and a high of 800. 

SOURCE: Jenlee Grandy. Ten- Year Trends m SAT Scores and other Characteristics of High School Seniors taking the SAT and Planning lo Study Math. Science, or 
Engineering.'' unpublished report, Educational Testing Service (October 1987) 

Science & Engineering Indicators— 1987 
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Appendix table 1-5. Average scores on the Scholastic Aptitude Test for college-bound high school seniors by ethnic 
group and gender: 1976-87 

Ethnic 9; ,up and gender 1976 1977 1978 1979 1980 1981 1982 1983 ;S34 1985 1987 

SAT Verbal Scores' • 

'^"^'"'^^"'^ "1 429 429 427 727 727 726 725 726 431 430 

433 431 433 431 428 430 431 430 433 437 435 

430 427 425 423 420 418 421 420 420 425 425 

Native American 388 390 387 386 390 391 388 388 390 392 393 

Asran-Amencan 414 405 401 396 336 397 398 395 398 404 405 

f'^'^.'' 332 330 302 330 330 332 341 339 342 346 351 

Mexican-American 371 370 370 370 372 373 377 375 376 382 379 

364 355 349 345 350 353 360 358 358 368 360 

Other H.span,c NA NA NA NA NA NA NA NA NA NA 387 

y^"^ 451 448 446 444 442 442 444 443 445 443 447 

410 402 399 393 394 388 392 386 388 391 405 

SAT Math Scores' . 

'^"^'"'^^'^ 472 4-'0 468 467 466 466 467 468 471 475 476 

497 497 494 493 491 492 493 493 495 499 500 

^"■"^ 446 445 444 443 443 443 443 445 449 452 453 

Native American 420 421 419 421 426 425 424 425 427 428 432 

Asian-Amencan 518 514 510 511 509 513 513 514 519 518 521 

354 357 354 358 390 362 366 369 373 370 377 

Mexrcan-American 410 408 402 410 413 415 416 417 420 426 424 

^^''^^^ 401 397 388 388 394 398 403 403 405 409 400 

Other Hispanic NA NA NA NA NA NA NA NA NA NA 432 

^J'^ 493 489 485 483 482 483 483 484 487 190 489 

""^^'^ 458 457 450 447 449 447 449 446 450 448 455 

' SAT scores range between a low of 200 and a tiigti of 800. 
Note: NA - Not Available. 

Note: SAT scores by ettinic group were not available for 1986. 

SOURCE- Educational Testing Service. 7987 Profile of SAT and Achievement Test Takers. National Report. College Entrance Examination Board, 1987. 

See figures 1-1 and 1-3. „. 

Science & Engineering Indicators — 1987 
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Appendix table 1-6. Average achievement scores in 
functions and calculus, highest-scoring one percent 
and five percent and all students, 12th grade 
college preparatory mathematics students, by 
country: 198i/2 

Top one Top five Ail 
Country percent percent students 



Average scores 





65.0 


58.0 


42.0 


Canada (B.C.; 


58.0 


52.0 


39.0 




67.0 


58.5 


49.5 




61.0 


54.0 


45.0 




68.0 


62.0 


53.0 


United States 


61.0 


52.0 


43.0 




67.0 


59.0 


52.0 




70.0 


67.0 


58.0 




66.0 


58.0 


52.0 




63.0 


56.0 


50.0 




62.0 


55.0 


48.0 




65.0 


57.0 


55.0 




61.0 


50.0 


48.0 



Note: Countries are arranged in decreasing order in terms of the proportion 

of students enrolled in advanced mathematics programs. 

SOURCE: In ^rnational Association for the Evaluation of Educational 

Achievement. The Underachieving Curriculum: Assessing U.S. School 

Mathematics from an International Perspective, University of Illinois. Stipes 

Publishing Company (January. 1987). p. 26 

See figure 0-15 in Overview. 
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Appendix table 1-7. Distribution by intended major field of students receiving highest scores^ on the SAT 

mathematics test: 1 975-86 

(mended Major Fie ld 1975 1^77 1978 1979 1980 1981 1982 1983 1984 1985 1986 

Percent 

All fields 100.0 100.0 100.0 100.0 100.0 100.0 100.0 "OO.O 100.0 100.0 100.0 

Total science, mathematics 

& engineering 44.9 40.4 44.0 46.0 45.5 46.6 50.4 48.8 46.0 46.1 43.9 

Total science & math 32.8 25.4 26.1 26.7 24.8 25.5 27.1 26.9 25.2 25.2 22.2 

Me'h & statistics 6.6 4.8 4.7 4.1 3.6 3.5 3.2 3.1 3.3 3.5 2.8 

Computer science 2.0 2.7 3.7 4.8 5.4 6.9 8.9 10.0 8.5 6.7 4.2 

Physical sciences 2.1 3.2 3.4 3.4 3.4 3.0 3.0 2.8 2.7 2.9 2.<^ 

Life sciences 10.8 5.4 5.3 5.1 4.4 4.4 4.4 4.1 4.2 4.4 4.6 

Earth & environmental sciences 0.8 1.1 1.1 1.1 0.9 0.8 0.7 0.6 0.5 0.5 0.6 

Psychology 2.3 2.0 2.1 2.4 2.0 2.1 2.1 1.9 1.9 2.4 2.3 

Social sciences 4.4 4.3 3.9 4.1 3.7 3.5 3.5 3.3 3.2 3.8 4.1 

Interdisciplinary/other sciences 3.8 1.8 1.9 1.8 1.5 1.4 1.3 1.1 1.0 1.0 0.7 

Total engineering 12.2 15.0 17.9 19.4 20.7 21.1 23.3 21.9 20.8 20.9 21.8 

Architecture/environmental 

engineering 1-8 1.5 1.7 1.8 1.7 1.6 1.5 l.t 1.0 1.2 1.3 

Engineering 10.4 13.5 16.2 17.6 19.0 19.5 21.8 20.8 19.8 19.8 20.5 

Non-S/E major fields 55.1 59.6 5'>.0 54.0 54.5 53.4 49.6 51.2 53.9 53.9 56.1 

Humanities 2.3 1.9 1.9 2.1 1.9 1.9 2.0 1.7 1.7 2.0 1.8 

Pre-medicine 5.3 7.8 7.8 8.0 7.8 8.1 8.1 8.0 8.1 8.5 7.4 

Prt.lavi/ — 2.3 4.0 3.9 3.3 3.4 3.4 3.1 2.9 3.1 2.6 

Business 5.1 6.7 8.0 9.7 8.9 9.2 9.5 8.5 8.3 10.3 10.9 

Other non-S/E fields 42.5 41.0 34.4 30. ? 32.7 30.8 26.6 29.9 32.9 30.0 33.4 

* Students scoring higher than the 90th percentile in their ethnic/gonder group 

SOURCE: Jenlee Grandy, Trends in the Selection of Science, Mathematics, or Engineering as Major Fields of Study among Top"Sco.ing SAT Takers," Educational 
Testing Service. Final Report to the National Science Foundation (March 30, 1987) 

See figure 1-6. Science & Engineering Indicators— 1987 
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Appendix table 1-8. 90th percentne scores on the Scholastic Aptitude Tests for high school students intending to 
major in science and engineering, by race an d gender: 1975-86 

Race and gender 1975 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 



SAT Verbal Scores' 

590 585 .87 587 581 583 584 582 590 592 593 

^^'^''^'T 575 573 576 573 573 579 581 

^^'^^"^^'^f 485 482 477 474 476 481 487 486 a«Q agi 497 

463 465 462 458 461 460 472 470 467 474 482 

AllIrnK 558 553 549 553 549 561 571 560 

^"^'"'^^"'^ 580 577 575 576 571 570 572 570 574 579 579 



■ SAT Math Scores' 



S^'^'^f 658 663 660 658 657 655 657 662 662 663 672 

^''"^'^•"^'^^ 603 605 602 599 601 596 599 605 610 610 615 

^^<=^"'^'^f 523 532 525 522 Z2^ 531 535 534 539 547 549 

Bteck females 475 479 470 468 471 486 483 485 491 497 495 

Aninu" '26 626 625 627 634 642 645 650 
626 628 62S 628 625 623 625 632 635 637 642 

' S^T scores range between a low of 200 and a high of 800. 

SOURCE- Jerilee Grandy. "Trends in the Selection of Science, Mathernat.es. or Engineenng as Major Frelds of Study among Top-Sconng SAT akers ^ Educational 

Testing Sen/ice. Final Report to the National Science Foundation (March 30. 1987) uHo^unngoMi ^Kers. caucaiionai 

Science & ''ngineering Indicators— 1987 



ERIC 



178 



Appendix table 1-9. Percentage distribution of freshmen by probable major field of study in all institutions of higher 

education: 1975-85 

1 975 1 978 1 980 1 982 1 983 1 984 1 985 

Probable major 

field of study Men Women Men Women Men Women Men Women Men Women Men Women Men Women 

Percent in each „old 

Agriculture/forestry 5.7 1.9 4.5 2.0 4.1 1.8 3.8 1.4 2.9 0.9 3.3 1.0 3.3 1.0 

Arts/humanities 12.7 12.8 7.4 10.6 6.4 10.1 6.8 9.7 6.8 9.0 6.6 8.8 7.1 8.8 

Biological Sciences 7.1 5.5 4.8 4.4 3.7 3.8 3.7 3.8 4.1 3.4 4.1 4.2 3.4 3.3 

Business 20.1 17,5 25.0 23.1 22.9 24.5 22.3 25.7 22.7 26.0 25.1 27.5 25.7 27.5 

Education!! 4.6 15.5 3.3 12.1 3.3 11.6 2.4 9.0 2.9 8.9 2.8 9.6 3.3 10.4 

Engineering 14.0 1.3 18.8 2.3 21.0 3.2 22.3 3.6 20.6 3.5 20.1 3.0 19.3 3.0 

Health professions (Non-MD) 1.8 13.2 2.0 14.6 1.9 13.3 1.6 17.8 2.1 14.9 2.3 13.8 2.0 11.6 

Mathematics/Statistics 1.1 1.1 1-1 0.8 0.7 0.6 0.6 0.7 0.8 0.8 0.8 0.9 0.8 0.8 

Computer science NA NA 1.6 1.2 2.7 2.4 4.9 4.0 5.4 3.7 4.3 2.7 3.1 1.6 

Physical sciences 4.0 1.3 3.5 1.3 3.6 1.6 2.6 1.0 2.5 1.0 2.5 1.1 2.3 0.9 

Premed/predent/prevet NA NA 4.0 2.9 3.6 3.2 3.2 3.0 3.3 3.2 3.2 3.1 3.1 3.2 

Social sciences 3.7 8.9 5.0 9.5 4.5 8.6 4.2 7.2 4.2 7.6 5.1 8.4 5.2 9.6 

Other fields (tech) 10.3 6.7 7.0 2.0 8.5 2.9 9.7 4.3 9.9 3.8 7.7 2.4 7.5 2.4 

Other fields (non-tech) 10.2 8.8 8.1 7.9 9.3 6.9 8.2 3.3 i>.1 7.1 8.0 7.6 9.0 8.1 

Undecided 4.6 5.5 3.9 5.3 3.8 5.5 3.7 5.5 4.0 5.7 6.2 4.7 6.9 

Note: Totals may not equal 100% due to rounding. 

SOURCE. Cooperative Instilulional Research Program. The American Freshman. National Norms tor fail 198b, and repoi ts w th the same title tor 1 97M y84. University of California at Los Angeles and American 
P'^uncil on Education (December, 1985) 

See figure 1-7. Science & Engineering Indicators— 1987 




Appendix table 1-10. Earnings of individuals m teaching and in other 
selected occupations by gender: 1961 and 1981 

Occupation in longest job held t^f!] Women 

during the year 1951 1931 1951 1931 

Average annual salaries 

All full-time workers 17,010 20,260 10,078 12.001 

Salaried professional, total 22,437 25,3*^ 14 903 15 631 

Accountants nA 24,^ 7 NA 15,558 

Hea'lh workers (except 

physicians and dentists) NA 16,631 NA 16,827 

Teachers (elementary and 

secondary schools) 19,792 20,249 15,888 16,056 

Managers and administrators 21,21 1 25,425 10,370 14 820 

Sales workers i8,305 2^,331 7,269 11 238 

Clerical workers 1 6,280 18,938 1 1,306 1 1 238 

Craft workers 1 8,256 20,035 NA 12 904 

Factory workers 1 5,657 16,948 8,972 10^301 

NA w Not Available. 

Note: These figures reflect occupational categories used by the Bureau of the Census up until 1981. 
SOURCE: as. Depariment of Commerce, Bureau of the Census, Curront Population Reports: Money Income 
of Households. Families, and Persons in the United States, Series P.60, Nos. 39 and 137 
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Appendix table l-li. Distribution of elementary and seconda ry science and 
m athematics teac her s by gender, for various gr ade levels: 1977 and 1985/86 

^977 1985/86 

Grade level Grade level 

Course and gender K-3 4-6 7-9 10-12 1^ 4^6 A9 10-12 

Percent 

Mathematics 

Male 6 21 54 68 4 20 45 53 

female 94 76 46 32 93 79 51 46 

Unknown 0 2 0 0 1 1 4 1 

Science 

2 33 62 74 3 23 56 68 

P'emale 93 67 38 24 94 76 41 31 

Unknown p 0 0 0 3 1 3 1 

SOURCE: Research Triangle Institute. 7955 National Survey of Science and Mathematics Education 

Science & Engineering Indicators— 1987 
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Appendix table 1-12. Distribution of elementary and secordary science and mathematics teachers by race, for 

various grade levels: 1985/86 



Ethnicity/Race 



American Indian, Asian or 

Course and grade level VVhite Black Hispanic Alaskan Native Pacific Islander Unknown 



K^athematics 

K-'o' 84 10 1 0 0 4 

4.6 84 10 2 0 0 2 

7.9 90 6 1 0 1 3 

10.12 94 3 1 0 1 1 

Science 
K"3 

46 82 9 4 0 1 4 

7.9 86 8 4 0 1 1 

10-12 88 6 1 0 1 4 



SOURCE: Research Triangio Institute. 1985 National Survey of Sconce and Mathemattcs Education Scic-nce & Engineering Indicators 1987 



Appendix table 1-13. Percent of elementary-school science teachers who 
have completed var" ■ 5 college courses, by grade level taught: 1985/86 

Grade level taught 



Courses *^"3 4-6 



Percent — 

Education 

General methods of teaching 95 95 

Methods of teaching elementary school science 87 88 

Methods of teaching middle school science 7 20 

Supervised student teaching 77 87 

Psychology, human development 83 88 

Computing 

Instructional uses of computers 31 37 

Computer programming 11 21 

Sciences 

Biology, environmental, life sciences 83 37 

Chemistry 30 37 

Physics 17 21 

Physical science 58 61 

Earth/space science 39 51 

No science course 5 5 

One type of science course 18 12 

Biology 15 8 

Physical science 2 3 

Earth/space science 1 1 

Two types of science courses 40 AO 

Biology and physical science 34 31 

Biol, gy and earth/space science 5 6 

Physical science and earth/space science 1 3 

All three categories of science ccursec- 31 42 

Unknown 4 2 



SOURCE: Research Triangle Institute, 19BS National Survey of Science and Mathematics Bducation 

Science & Engineering lndicators--t987 
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Appendix table 1-14. Percent distribution of secondary-school science teachers, by grade level and number of 
college courses completed In science, calculus, and computer science: 1985/86 

[^^^ Earth Computer 

^^'^"^^ <^^e"^'Stry Physics science Calculus science 

Number of Grade l ev el taught 

courses completed 7-9 10-12 7-9 10-12 7-9 10-12 7-9 10 -12 "^9 10^ ^9 10-12 

Percent 

? 3 7 18 6 16 13 24 27 53 44 52 57 

1 6 7 12 8 23 17 20 21 20 19 24 21 

2 « 12 6 16 14 21 23 16 17 12 16 12 10 

3 5 5 13 14 15 12 9 9 7 9 4 5 

4 11 5 12 14 7 10 6 6 2 5 2 3 

5 73893463121 1 

I 5 3 6 7 6 5 3 3 0 1 0 0 

I 4 3 2 3 1 1 1 0 0 1 1 0 

S 46 60 10 - 7 15 12 6 0 2 1 2 

U"^"own 2 1 3 1 2 1 3 14 13 1 

SOURCE- Research Triangle Institute. 7955 National Survey of Science and Mathematics Education Science & Engineenng lnd.cators-1987 
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Appendix table 1-15. Percent of secondary-school science teachers who 
have completed various college courses, by grade level taught: 1985/86 

Grade level taught 



Courses 7-9 10-12 



Percent 

Education 

General methods of teaching 94 94 

Methods of teaching secondary school science 61 82 

Methods of teaching middle school science 30 20 

Supervised student teaching 83 79 

Psychology, human development 85 87 

Instructional uses of computers 33 30 

Mathematics/computer science 

College algebra, trigonometry, elementary function;. 75 78 

Calculus 53 

Differential equations 25 

Probability and statistics 44 44 

Computer programming 33 33 

Life sciences 

Introductory biology 9^ 95 

Botany, plant physiology, etc 70 73 

Cell biology 54 58 

Ecology, environmental science 82 63 

Genetics, evolution - ■ ■ ■ 55 64 

Microbiology 53 

Physiology 6^ 65 

Zoology, animal behavior, etc 64 71 

Chemistry 

General chemistry 76 92 

Analytical chemistry 30 47 

Organic chemistry 51 70 

Physical chemistry 21 32 

Biochemistry 25 34 

Physics 

General physics 73 81 

Electricity and magnetism "'8 28 

Heat and thermodynamics ''6 24 

Mechanics ^5 26 

Modern or nuclear physics ''2 23 

Optics ^9 

Earth/space sciences 

Astronomy '^^ 

Geology 56 49 

Meteorology - 27 20 

Oceanography 26 19 

Physical geography 25 

Other 

History of science 21 23 

Science and society ^8 16 

Engineering ^ ^2 



SOURCE: Research Triangle Institute, 1985 National Survey of Science and Mathematics Bducation 

Science & Engineering Indtcators— 1987 
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Appendix table 1-16. Percent of elementary-school mathematics teachers 
who have completed various college courses, by grade level taught; 1985/86 



Grade level taught 

Courses ^ 4-6 



Percent — 

Education 

General methods of teaching 94 93 

Methods of teaching elementary school mathematics 90 90 

Methods of teaching middle school mathematics 14 27 

Supervised student teaching 82 83 

Psychology, human development 33 37 

Instructional uses of computers 30 34 

Mathematics/Cjmputer science 

Computer f,rogramming 17 24 

Mathemat'cs for elementary school teachers 89 90 

Mathematics for secondary school teachers n 21 

Geometry for elementary or middle school teachers 17 21 

College algebra, trigonometry, elementary functions 30 37 

Calculus Q ^2 

Upper division geometry 5 7 

Probability and statistics 21 27 



SOURCE: Research TriangO Institute. 7985 National Survey of Science and MathemaUcs Education 

Science & Engineering Indicators— 1987 



Appendix table 1-17. Percent of secondary-school mathematics teachers who 
have completed various courses, by grade level taught: 1985 

Grade level taught 



Courses 7.9 10-12 



^Percent — 

Education 

General methods cf teaching gp 93 

Methods of teaching secondary school mathematics 53 80 

Meiiiods of teaching middle school mathematics 37 25 

Supervised student teaching 79 31 

Psychology, human development 34 37 

institutional uses of computers 40 42 

Mathematics/Computer science 

College algebra, trigonometry, eiem. functions 80 87 

Calculus 67 89 

Advanced calculus 39 53 

Differentia! equations 39 61 

Geometry 67 80 

Probability and statistics 59 75 

Abstract algebra/number theory 48 69 

Applications of mathematics/problem solving 34 39 

History of mathematics 26 37 

Other upper division mathematics 37 63 

Computer programming 46 64 



SOURCE: Research Tnangle Institute. 7985 National Survey of Science and Mathematics Education 

Science & Engineering Indicators— 1987 



Appendix table 1-18. Percent of secondary science 
and mathematics teachers who feel inadequately 
qualified to teach one or more of their courses: 
1977 and 1985/86 

Subjec t and grade fevel 1977 1985/86 

Percent 

Science 

Grades 7-9 13 7 

Grades 10-12 13 7 

Mathematics 

Grades 7-9 11 9 

Grades 10-12 5 5 

SOURCE: Research Triangle Institute. 1985 National Survey of Science 
and Mathematics Education 

Science & Engineenng Indicators — 1987 



Appendix table 1-19. Percent of elementary- and secondary-school science 
and mathematics teachers, by year in which they most recently took a 

college course In the s ubject they teach: 1985/86 

Science Mathematics 

Grade level Giade level 

Last course taken K-6 7-9 10-12 K-6 7-9 10-12 

Percent 

Prior to 1975 39 18 20 36 27 25 

1975 to 1982 31 28 31 29 31 32 

1983orlater 16 47 46 24 34 38 

Unkno wn 13 7 3 10 8 5 

SOURCE: Research Triangle Institute. 1985 National Survey of Science and Mathematics Education 

Science & Engineering Indicators— 1987 



Appendix table 1-20. Percent of elementary- and secondary-school 
science and mathematics teachers, by time spent in in-service er^'jcation 
during the last 12 months: 1985/86 

Science Mathematics 

Time spent in C^^^^q level taught Grade level taught 

in-service education 

in the last 12 months K-6 7-9 10-12 K-6 7-9 10-12 

Percent • 

None 52 31 28 41 31 35 

Less than 6 hours 23 22 22 31 26 18 

6-15 hours 13 23 25 16 22 21 

16-35 hours 4 10 12 5 11 13 

More than 35 hours 3 10 12 3 8 10 

Unknown 5 2 1 5 3 2 

SOURCE. Research Triangle Institute. J985 National Sun/ey of Science and Mathematics Education 

Science & Engineering Indicators — 1987 



185 



Appendix table 1-21. Supply of new teacher 
graduates, with alternative projections: 1970-92 

Fall of year 



1970 
1971 
1972 
1973 
1974 

1975 
1976 
1977 
1978 
1979 

1980 
1981 
1982 
1983 



■ Thousands ■ 

284 
314 
317 
313 
279 

238 
222 
194 
181 
163 

144 
141 
143 
146 



Alternate Projections 
Low intermediaie High 



' Thousands ■ 



1984 




146 


160 


1985 




146 


163 


1986 




144 


165 


1987 




142 


168 


1988 




139 


171 


1989 




139 


176 


1990 




139 


181 


1991 




138 


184 


1992 




137 


188 



SOURCE: u.S Department of Education. Center for Education Statistics, 
The Condition of Education, 1984 Edition (NCES 84-401), p 36 

See figure 1-9 Science & Engineering Indicators— 1987 



Appendix table 1-22. Demand for new classroom 
teachers in elementary and secondary schools: 
1970-92 

Elementary Secondary 
Fall of year Total schools schools 

Thousand?. 

1970 208 115 93 

1971 163 71 82 

1972 179 107 72 

1973 175 89 86 

1974 183 103 80 

1975 186 101 85 

1976 150 78 72 

1977 181 107 74 

1978 138 82 56 

1979 129 85 44 

1980 127 69 58 

1981 110 66 44 

1982 143 94 49 

1983 148 82 66 

1984 142 78 64 

1985 157 95 52 

1986 170 114 56 

1987 160 114 46 

1988 164 126 38 

1989 173 126 47 

1990 183 131 52 

1991 195 129 66 

1992 209 129 80 

Note: Data for 1970-82 are a:tual new hires. Data for 1983-92 are the 
intermediate value of three alternative projections (low, Intermediate, and 
high). 

SOURCE: U.S. Department of Education, Center for Education Statistics, 

The Condition of Education, i984 Edition (NCES 84-401), p 36 

See figure i-9. Science & Engineenng Indicators— 1987 
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Appendix table 1-23. Actual and projected public 
school enrollment:^ 1970-92 



Fall of year Thousands 



1970 45,909 

1971 46.08^ 

•|972 45.744 

1973....!! 45,429 

1974 " 45,053 

1975 44.791 

1976 44,317 

1977 43,577 

1978 42,550 

1979 41,645 

1980 40,987 

1981 40,099 

1982 39,652 

•|gg2 39,352 

1984 39,293 

1985 39,513 

1986=^ 39'712 

1987=^ 39,916 

1988=^ 40,116 

1989=^ 40,379 

1990^ 40,898 

^99^2 41,548 

1992^ 42,259 



» Includes most kindergarten and some nursery school enrollment. 
2 Estimated. 

SOURCE: U.S. Department of Education, Center for Education Statistics. 
Public and Private Elementary and Secondary Enrollments: Outlook to the 
Year 2000 (1987) 

See figure 1-9. Science & Engineering Indicators— 1987 



Q 187 

ERLC . . 198 



Appendix table 1-24. States which have enacted testing for initial certification 

of teachers: 1986 



Year 

Enacted effective Test Used' 



'^'^Dama igso 1931 stale 

1980 1980 State 

Arkansas 1979 ^933 

^^''^o™ 1981 1982 State 

Colorado 1981 1983 CAT 

Conneclici:! 1982 1985 State 

Delaware 1932 1933 ppst 

- 1978 1980 State 

^^o^9'3 1975 1980 State 

^3waii 1986 1986 NTE 

1985 1988 State 

'"Qiana 1934 1985 ^TE 

^^"232 1984 1986 (2) 

Kentucky 1934 1985 ^TE 

Louisiana 1977 ^978 ^TE 

Maine 1934 1988 nje 

Massachusetts 1935 (?) 

Mississippi 1975 ^977 

Missouri 1935 1988 (?) 

Montana 1985 1986 (?) 

Nebraska 1934 1989 n 

NewHampshiie 1934 1985 NTE 

New Jersey 1934 1935 ^TE 

New Mexico 1931 1933 ^TE 

New York 1930 1934 nTE 

North Carolina 1954 1964 NTE 

Oklahoma 1930 1932 state 

0^^9°" 1984 1985 CBEST 

South Carolina 1979 1982 NTE and State 

South Dakota 1935 1936 ntE 

Tennessee 1930 1931 f^jg 

■^^^^^ 1981 1986 State 

VTQ'nia 1979 1980 NTE 

Washington 1934 /jv 

West Virginia 1932 1935 gtate 



' Tests: CAT - California Achievement Test; CBEST - California Basic Educational Skills Tesf NTE - National 
Teacher txam: PPST - Pre-professfonal Skills Tost; State - State developed test. 
^ To be detormined. 

SOURCE: Educational Commission of the otates. Cleannghouse Nc*es. November 1985 

Science & Engineering Indicators— 1 987 
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Appendix table 1-25. State-required Carnegie units (1-year courses) for high 
school graduation for language arts, social studies, mathematics, and 

science: 1953-86 

Mathematics Science 



Mean units Number of Mean units Number of 
Year required states requiring required states requiring 



1958 1-1 31 1.2 31 

1974 1-3 36 1.2 35 

1980 1.3 35 1.2 35 

1983 1.9 38 1.7 38 

1984 2.1 44 1.9 44 

1985 2.2 44 1.9 44 

1986 2.3 45 1.9 45 



Language Arts Social studies 



Mean units Number of Mean units Number of 
Year required states requiring required states requiring 



1958 3.4 37 1.9 44 

1974 3.4 40 2.0 45 

1930 3.4 39 2.0 42 

1983 3.6 41 2.1 44 

1984 3.8 45 2.4 49 

1985 3.8 45 2.4 49 

1986 3.8 45 2.5 49 



SOURCE: Education Commission of the States. Department of Research and Information, Clearinghouse 
Notes, various years. 

See figure 1-14. Science & Engineering Indicators— 1987 
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Appendix table 1-26. State minimum competency testing for elementary and secondary school assessment 
purposes: 1985 



Test purposes cjrct 

Government — — ^'^^ . 

States using level setting Grade levels Grade High school Early ^ dasT^ 

minimum competency standards assess.v promotion graduation exit Remediation Other assessed 

Alabama imte 3,6,9,11 X X X — 

Arizona State/Local 8,12 C) x 107^ 

Arkansas State 3,4.6,8 X 

California State/Local 4-11, X X X X 

16 yr olds 4 

S^o\ota6o Local 9 12 Local Opt, 1979 

Connecticut^ State 4,6,8 X X 

Delaware State 1-8,11 X X iqai 

Plorida State/Local 3,5,8,11 X X 1983 

Georgia Slate K, 1,3,6,8, 10 X y v i«oc 

» State 3,9-12 x x X og 

'daho State 8-12 X X 1982 

"""^'^ Local Local OpL Local Opt. 

Indiana Local 3,6,8,10 X x 

K3"sas^ State 2,4,6,8,10 , q., 

Kentucky^ K-12 XX x 

Louisiana^ State 2,3,4,5 X 

J^^^y'3"d State 7,9 X XX ISP- 
Massachusetts Local Local Opt. X 

Michigan state 4,7,10 y 1 n^ainm 

Mississippi state 3,5,8,11 X X^^' ,o«7a 

Missouri State 8+ XX 

Nebraska Local 5+ X 

Nevada state 3,6,9,11 X x iqft'> 

New Hampshire^ . . . State 4,8,12 Local Opt. Local Opt. Local Oot 

New Jersey State 9-12 X X X 1985 

New Mexico State 10-12 y iqqi 

New York State 3,5,6,8-12 X x qtq 

N.Carolina'^ Slate 3,6,8,10 X X Q«n 

Local Opt." X Local Opt, 199S 

Oklahoma'2 ^^^^ .3,6,9,12 X 

Oregon Local Local OpL X -o-p 

Pennsylvania State 3,5,8 X 

S.Carolina«3 Slate 1,2,3,6,8,11 X X X X 1990 

Tennessee State/Local 3,6,8,9-12 X X X loftp 

Texas State 1,3,5,7,9,11,12 X y y ioqt 

Utah Local Local Opt. C C Izl 

s^^^^ X III' 

Virginia State/Local K-6,10-12 X v 

Wisconsin Local 1 ■4.5-8.9-10 Local Opl, X 

Wyoming Local Local Opt. X 

SoSi"fa!^\SerelTs^^^^^^^^^^^^ °' '°' '^'^'-'^ grade-.o-grade p,o.o„on cn.er.a. 

^ In Connecticut, a new program of Stale testing for Grade 4 began tn 10'85 and Will be exDanded to firflrtP<;fifl rK^t^^i.««.^iu«o. . r% . < 

Mastery program. The Grade 9 State proficiency test begun in 1980 .v/be adliste'JeS (or the I'nalume m ^he testing ,s the State Cntenon-relerenced 

L!!!!"!^® "'i'^Sra^e students must demonstrate acceptable per .-rmance on criterion-reference tests in mathematics and reading before promotion to the loudh 
grade. Beginning rn 1988/9 school year, students must pass the school readiness test to be eligible for the first grade Promoiion lo the fourth 

* In Hawaii, students have three options- paper/pencil test, performance test, or course. Students must take a paper/pencil test the first time (Grade 9) 
IhlS'S'"""™ Assessment (MCA) was reestablished by 1984 legislative action (SB 473,. The MCA will be m effect for 5 school years, 1984/5 

« Kentuc:<ys 1984 legislation required the State Superintendent to recommend a process of using test results for promotion and graduation to the 1986 legislature 
' Louisiana added Grade 8 beginning with the 1986/7 school year. 

8 Although the first class assessed graduated in 1987, the first class required to pass for graduation will be the class ol 1989 

9 New Hampshire requires students be tested in elementary, middle, and high schoo: Some local districts test in grades other than 4. 8. and '.2. 

(continued) 
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Appendix table 1-26. (Continued) 

In North Carolina, grades 3. 6, and 8 are given an annual standardized achievement test. Local school districts use the results as a diagnostic tool 
•« Locally based, competency-based education programs are given in the areas ol English compos«tion, math, and reading, including testing at least once in grades 1 4 
Grades 0*8 and 9-1 1 shall be implemented later than 1989/90. 

•2 Test was given tn Oklahoma during the 1978/9 school year There has been no tollowup to the program However, a plan for statewide testing was submitted for 
legislative action in January 1985. 

" The South Carolina Education Improvement Act ol 1984 specifies that the 1 1th grade test being used to gathei base-lir.e data be replaced in the 1985,6 school year 
with an exit exam in the lOth grade. All students graduating in 1990 and alter must pass the exam< 

Note: Some states have dates lor first high school graduating class to be assessed with no expected use lor high school graduation. American Samoa is currently 
developing a minimum competency testing program. 

SOURCE: Educational Commission ol the States. Department ol Research and Information. State Activity Minimnrn Competency Testing." Cleannghouse Notes, 

November 1985 ^ , 

Science & Engineering Indicators- 1987 



Appendix table 1-27. Mean percentage of Items taught (opportunity-to-learn) 
to eighth grade students, by country and subject matter: 1981/2 



Country 


Arithmetic 


Algebra 


Geometry 


Statistics 


Measurement 








Percent 






Belgium (Flemish) ... 


76 


72 


31 


39 


84 


Canada (B.C.) 


83 


84 


48 


47 


77 




78 


63 


54 


69 


80 




76 


70 


39 


52 


70 




86 


87 


43 


50 


92 




91 


91 


86 


86 


97 




71 


79 


46 


52 


63 




85 


83 


51 


76 


95 




79 


52 


35 


32 


82 




82 


73 


67 


32 


82 




67 


62 


59 


60 


70 




79 


72 


65 


64 


71 




87 


70 


49 


61 


84 




66 


45 


35 


47 


67 




86 


83 


57 


56 


86 




87 


69 


44 


73 


72 



SOURCE: International Association for the Evaluafon ol Educational Achievement. The Underachieving 
Curriculum: Assessing U.S. School Mathematics from an International Perspective, University of Illinois (Stipes 
Publishing Company. January 1987) 
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Appendix table 1-28. Mean percentage of Items taught (opportunlty-to-learn) to twelfth grade students, by country 

and subject matter: 1981/2 

Elementary Probability 
Sets and Number functions and 

Country relations systems Algebra Geometry and calculus statistics 

Percent — 

Belgium (Flemish) 91 80 92 82 88 46 

Canada (B.C.) 65 75 82 50 32 29 

England/Wales 48 74 86 69 85 87 

Finland 88 90 92 79 87 87 

Hungary 4b 55 87 74 67 27 

israe, 38 56 70 49 79 39 

Japan'!!..; 95 80 100 89 92 82 

New Zealand 85 90 93 75 93 86 

Canada (Ontario) 62 60 83 52 83 33 

Sweden 60 87 90 66 85 75 

Thailand 81 75 78 63 63 90 

United States 83 83 88 C2 54 45 

SOURCE: International Association for the Evaluation of Educational Acfiiovements. The Underachieving Curnculum Assessing U.S School Mathematics from an 
Internattonal Perspective, University of lllmois (Stipes Publishing Company. J; nuary 1987) 

Science & Engineering Indicators— 1987 
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Appendix table 1-29. Mean percentage score of eighth grade students 
on the International mathematics achievement test, 
by country and subject matter: 1981/2 

^Q""^^y Arithmetic Algebra Geometry Statistics Measu rement 

Percent . 

Belgium (Flemish) .... 58 53 43 58 58 

Belgium (French) 57 49 43 52 57 

Canada (B.C.) 58 48 42 61 52 

EnglandAVales 48 40 ^5 60 49 

Pinland 46 44 43 58 51 

Prance 58 55 38 57 60 

Hong Kong 55 43 43 56 53 

*^un9ary 57 50 53 60 62 

Israel 50 44 36 52 46 

Japan 60 60 58 71 69 

Luxembourg 45 31 25 37 50 

Netherlands 59 51 52 66 62 

New Zealand 46 39 45 57 45 

Nigeria 41 32 26 37 31 

Canada (Ontario) 55 42 43 57 5^ 

Scotland 50 43 46 59 43 

Swaziland 32 25 31 36 35 

Sweden 41 32 39 56 49 

Thailand 43 33 39 45 

United States 51 43 38 57 42 

SOURCE; Intornaiional Association for the E^lualion of Educatronal Achievements. The Undorachiovino 
Curncutum: Assessing U.S. Schoot Maihemaucs from an tnternat:onal PorspccUvQ. University of Illinois (Sl«Des 
Publishing Company. January 1987) 

Science & Engineering Indicators— 1987 



Appendix table 1-30. Mean percentage score of twelfth grade students on the International mathematics 
achievement test, by country and su bject matter: 1981/2 

Elemeniary Probability 

Country ^T"''' '""Ctions and 
relations systems Algebra Geometry and calculus statistics 

~ ■ Percent 

Belgium (Flemish) 72 48 61 42 4R a-, 

Belgium (French) 66 44 55 38 43 11 

Canada (B.C) 48 43 47 M 5? tl 

England/Wales 61 S9 66 Si 11 ^ 

r|°"9'<ong 80 78 78 65 71 73 

""T^ ■■ 35 28 45 30 26 S 

'ff3«' 51 46 60 35 45 M 

Japan 79 68 78 60 rr 

NewZealand 72 51 57 S 48 £ 

Canada (Ontario) 69 47 57 42 dR At, 

Scotland 50 39 48 42 32 Jfi 

S^^eden 59 62 eO 49 sf ^ 

Thailand 52 33 38 28 26 S 

Uni'ed States 56 40 43 31 29 To 

SOURCES: Inlornational Association lor ihe Evaluation ol Eaucational Ach.ovemont. Tho Underachiemg Curnculum A'^sossmo U S School M^mnm^t.r^ »„ 
Iniematfonal Porspecm. Un'vorsity ol Illinois (St,pos Publishing Company. January 1987) ^"mcuium ft.sossmg U.S. School Mmhematics Irom an 

Science & Engineering rndicators— 1987 
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Appendix table 1-31. Average percent new content in three mathematics text 
series — comparison of the first 200 pages and the remainder of the book 

Grade level 

12345678 9 

Percent — 

First 200 pages 70 28 52 31 37 26 27 19 77 

Remainder ot book 80 63 79 61 61 53 44 40 95 

SOURCE: Glanders. Jtm, "How Much of the Content in Mathematics Texttxwks is Ncw?% University ot Chicago 
(Unpublished report, November 13. 1986) 

Sec figure M7 Soer^co & Engmeer.ng Indicators— 1987 



Appendix table 1-32. Attitudes of eighth and twelfth gr^ide mathematics 
students towards mathematics in their personal lives: 1981/2 

8th Grade 12th Grade 

— Percent giving a high rating — 



I usually understand what we are tallying 
about in class 71 75 

I really want to do well in mathematics 87 91 

I feel good when 1 solve a mathematics problem 
by mysell 78 91 

My parents really do want tne to do well 
in mathematics* 86 89 

It does not scare me to have to take mathematics — 7t 81 

Mathematics is easier (or me than for 
most persons* 56 76 

If t had a choice^ t would learn 
more mathematics* 66 76 

Mathematics helps me think logically 64 85 

There is usually a rule to follow in 
mathematics 82 67 

* Reworded to capture the positive intent of the question 



SOURCE: Travers. K, J . Second Study of Mathematics, Detailed National Report — United Stares, December. 
1986. pp. 382-384 
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Appendix table 1-33. Attitudes of eighth grade U.S. 
students towards mathematics: 1981/2 



Percent giving a nigh rating to: 
Importance Ease Likes 



Memorizing .... 


84 


36 




Measures 


83 


52 


43 


Checking 


79 


72 


25 


Equations 


78 


53 


44 


Decimals 


76 


56 


44 


Estimating 


68 


68 




Charts and graphs 


67 


74 


57 




67 


45 


35 


Word problems 


66 


39 


28 


Tables 


61 


49 


37 


Geometric figures 


60 


45 


38 


Calculators 


54 


86 


75 


Inequalities 


50 


35 


25 




47 


57 


38 


Drawing figures 


46 


55 


42 




66 


55 


40 



Note: Attitudes were obtained at the end of the school year, after exposure to 
these topics. 

SOURCE: Travers, K. J , Second Study tn MathemaWcs, Detailed National 
Report — United States, December, 1986, pp. 367-369 

Science & Engineering Indicators— 1987 



Appendix table 1-34. Attitudes of twelfth grade U.S. 
students towards mathematics: 198 1/2 

Percent giving a high rating to: 



Importance Ease Likes 



Equations , 


94 


71 


71 


Checking 


90 


78 


29 


Memorizing 


85 


46 


18 


Calculators 


80 


95 


85 


Word problems 


78 


26 


29 


Function graphs 


69 


64 


37 


Probability 


66 


34 


37 


Charts and gra^rJS 


62 


80 


42 


Complex numbers 


62 


52 


37 


Derivatives 


56 


37 


34 


Limits 


55 


42 


30 


Sequences and series 


53 


43 


33 


Proofs 


52 


20 


18 


Vectors 


48 


41 


30 




46 


26 


25 


All subtopics 


66 


50 


37 



Note: Attitudes were obtained at the end of the school year, after exposure to 
these topics. 

SOURCE: Travers, K. J.. Second Study in Mathematics, Detailed National 
Report — United States, December, 1986, pp. 371-373 

Science & Engineering Indicators — 1987 
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Appendix table 2-1. U.S. population and college enrollment of 18-21 year olds, by selected race and gender, 1970-85 





1970 


1971 


1972 


1973 


1974 


1975 


1976 


1977 


1978 


1979 


1980 


1981 


1982 


1983 


1984 


1985 


















—Thousands— 
















Ibtal nfiale population 


b.UUO 


b,ooy 


C QQO 

b,oo^ 


/,uou 


/,ODU 




7 70Q 


7,823 


7.886 




7 QOO 




7 Q1 7 

/,y 1 / 


7 7Qfi 

/ ,/yb 


7 




Total male enrollment 


2,429 


2,534 


2,536 


2,423 


2,468 


2.682 


2,600 


2,676 


2,593 


2,533 


2,615 


2,689 


2,722 


2.650 


2710 


2,662 


Percent 


40.5 


39.7 


36.8 


34.2 


33.6 


35.4 


33.6 


34.2 


32.9 


31.9 


33.0 


33.4 


34.4 


34.0 


35.9 


36.7 




/,U/D 




/,DOD 


/,DOO 


7 Qd^ 


O, 1 




8.318 


8.359 


ft ^7^ 
0,0/ o 


ft '^t^n 


ft /lOft 


ft 07fi 


ft nfio 


7 ft'?'? 

/ ,ooo 




Total female enrollment 


2,022 


2,187 


2,260 


2,178 


2,321 


2,575 


2,735 


2,668 


2,603 


2,664 


2.743 


2,899 


2,896 


2.785 


2.754 


2.862 


Percent 


28.6 


30.2 


30.0 


28.3 


29.2 


31.8 


33.2 


32.1 


31.1 


31.8 


32.9 


34.4 


35.0 


34.5 


35.2 


37.5 








D,y/o 


fi 10Q 


fi ^7^ 






6,730 


6,783 


f\ ft07 


D,/yo 


fi fton 






fi 9ftQ 




White male enrollment 


2,246 


2,292 


2,304 


2,194 


2,210 


2,417 


2,317 


2,396 


2,275 


2,250 


2,346 


2.363 


2,377 


2.346 


2,367 


2,313 


Percent 


43.2 


41.4 


38.6 


35.8 


34.7 


36.9 


34.8 


35.6 


33.5 


33.0 


34,5 


34.6 


35.9 


36.1 


37.6 


38.1 








a /iQi 
b,4o 1 


b,D/o 






R QQ1 


7,051 


7.073 


7 (\70 


/,uoo 




fi ftQc; 
D,oy3 


fi RftQ 
D,Doy 


Oy^O i 


fi OftO 


White female enrollment 


1,799 


1,951 


2,024 


1,952 


2,039 


2,238 


2,368 


2,282 


2,251 


2,327 


2,363 


2,514 


2,519 


2,412 


2,380 


2.483 




29.5 


31.3 


31.2 


29.7 


30.1 


32.4 


33.9 


32.4 


31.8 


32.9 


33.6 


35.7 


36.5 


36.1 


36.8 


39.5 


Black male population 


746 


779 


825 


854 


865 


941 


957 


946 


951 


956 


967 


1.032 


1,058 


1,059 


1,040 


1,017 


Black male enrollment 


154 


200 


193 


189 


202 


218 


234 


205 


220 


220 


199 


225 


216 


205 


241 


261 


Percent 


20.6 


25J 


23.4 


22.1 


23.4 


23.2 


24.5 


21.7 


23-1 


23.0 


20.6 


21.8 


20.4 


19.4 


23.2 


25,7 


Black female population 


896 


932 


980 


998 


1,031 


1,085 


1.110 


1,130 


1.132 


1,137 


1,148 


1,193 


1,194 


1,177 


1,167 


1,132 


Black female enrollment 


189 


202 


204 


168 


222 


280 


320 


326 


288 


283 


309 


312 


300 


295 


298 


272 


Percent 


21.1 


21.7 


20.8 


16.8 


21.5 


25.8 


28.8 


28.8 


25.4 


24.9 


26.9 


26.2 


25.1 


25.1 


25.5 


24.0 


Hispanic male population 


NA 


NA 


372 


355 


428 


416 


458 


462 


439 


486 


589 


611 


559 


577 


508 


551 


Hispanic male enrollment 


NA 


NA 


83 


76 


99 


105 


108 


99 


83 


110 


120 


125 


99 


102 


105 


97 




NA 


NA 


22.3 


21.4 


23.1 


25.2 


23.6 


21.4 


18.9 


22.6 


20.4 


20.5 


17.7 


17.7 


20.7 


17.6 


Hispanic female population . . 


NA 


NA 


419 


382 


466 


484 


507 


519 


521 


525 


578 


642 


561 


610 


579 


594 


Hispanic female enrollment - . 


NA 


NA 


68 


77 


107 


114 


119 


120 


94 


110 


110 


127 


148 


157 


164 


157 




NA 


NA 


16.2 


20.2 


23.0 


23.6 


23.5 


23.1 


18.0 


21.0 


19.0 


19.8 


26.4 


25.7 


28.3 


26.4 



Note: NA ^ Not Available. 

SOURCE: U.S. Department of Commerce, Bureau of ihe Census, Current Population Report (Series P-2C) various issues 
See figure 0-18 in Overview 
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Appendix table 2-2. S/E graduate enrollments of U.S. citizems in all institutions, by field, race, and enrollment status: 1980-86 



Fuii-nme 



ParMime 



1980 



1982 



1983 



1984 



Total science and engineering 
While 

Black 

Hispanic 

Asian . 

Oiher U S. atizens . . . 
Foreign 

Tbial sciences 

White 

Black , 

Hispanic _ 

Asian , . 

Other U S. citizens 

Foreign . 



Physical sciences ...... 

White 

Black 

Hispanic 
Asian 

Other U S citizens . . . 
Foreign 

Environmental sciences 

White 

Black 

Hispanic ............ 

A«iian 

Oiner U.S. citizens . . . 
Foreign 



Mathematical sciences 

White 

Black ............ . 

Hispanic ... 
Asian 

Other U S. citizens . . 
Foreign 



Computer sciences ., 
White 

Black , , 

Hispanic .......... 

Asian..... ...... . 

Other U.S. citizens . 
Foreign . 



Life sconces .... 

White ... ... ... 

Black ............. 

Hispanic .......... 

Asian 

Other U S. citizens 
Foreign ......... 



Psychology 

White . .... ..... 

Black ............ 

Hispanic 

Asian 

Other U.S. citizens 
Foreign ............. 

Soaal sciences . , 

White 

Black 

Hispanic 

Asian 

Other U S. citizens 
Foreign 

Total engineering 

White 

Black , 

Hispanic 

Asian , . . , 

Other U S. citizens . 
Foreign ......... 



198.429 
149.481 
6.607 
4.922 
5.394 
32.025 
50.730 

173.321 
130.878 
6.135 
4.350 
3.888 
28.070 
32.731 

17.174 
13.919 
323 
305 
513 
2.114 
5.744 

9.570 
7.523 
66 
115 
143 
1.723 
1.399 

6.648 
5.042 
141 
140 
205 
1.120 
3.254 

4.521 
2.793 
67 
42 
200 
1.419 
2.066 

63.543 
50.716 
1.633 
1.451 
1.644 
8.099 
8.866 

25.482 
17.612 
1.017 
971 
302 
5.580 
1.210 

46.383 
33.273 

2.888 

1.326 
881 

8.015 
10.192 

25,108 
18.603 
472 
572 
1.506 
3.955 
17.999 



197.374 
159.171 
7.225 
5.496 
5.657 
19.825 
57.923 

168.558 
137.494 
6.706 
4.895 
4.238 
15.225 
36.500 

17.555 
14.742 
418 
387 
532 
1.476 
6.485 

9.789 
8.388 
76 
132 
136 
1.057 
1.647 

6.935 
5.571 
174 
174 
298 
718 
3.888 

5.981 
4.339 
198 
105 
365 
974 
3.190 

60.522 
51.880 
1.697 
1.338 
1.622 
3.985 
9.732 

24.739 
19.198 
1.021 
1.032 
319 
3.169 
1.079 

43.037 
33.376 
3.122 
1.727 
966 
3.846 
10.479 

28.816 
21.677 
519 
601 
1.419 
4.600 
21.423 



200.906 
168.044 
7.469 
6.486 
6.457 
12.450 
62.784 

168.759 
142.848 
6.803 
5.701 
4.698 
8.709 
39.738 

17,981 
15.478 
412 
449 
590 
1.052 
7.232 

10.391 
9.348 
83 
146 
158 
656 
1.698 

6.726 
5.589 
164 
205 
337 
431 
4.245 

6.724 
5.053 
207 
105 
558 
801 
3.963 

59.690 
52.517 
1.730 
1.776 
1.691 
1.976 
10.421 

25.657 
21.369 
1.145 
1.146 
368 
1.629 
1.092 

41.590 
33.494 
3.062 
1.874 
996 
2.164 
11.087 

32.147 
25.196 
666 
785 
1,759 
3.741 
23.046 



202.699 
167.013 
7.632 
6.873 
7.482 
13.699 
64.622 

169.733 
141.266 
6.920 
6.095 
5.268 
10.184 
41.006 

18.271 
15.423 
440 
461 
759 
1.188 
7.603 

10.125 
8.726 
86 
198 
149 
966 
1.590 

6.840 
5.592 
185 
185 
324 
554 
4.592 

6.905 
5.209 
193 
111 
534 
856 
4.423 

59.580 
52.171 
1.735 
1.816 
1.871 
1.987 
10.762 

25.974 
20.769 
1.172 
1.391 
463 
2.179 
1.089 

42.039 
33.377 
3.107 
1.932 
1.167 
2.456 
10.948 

32.965 
25.747 
712 
778 
2.214 
3.514 
23.616 



1985 


1986 


1980 


1982 


1983 


1984 


1985 


1986 


201.153 


203.559 


NA 


133.190 


138 088 


146.775 


152.173 


154.120 


163.139 


165.975 


79.174 


102.410 


108.791 


1 11 203 


114.648 


116.179 


7.272 


7.275 


5.020 


6.100 


6 999 


7.238 


7.295 


7.119 


6.723 


7.066 


2.490 


r830 


4.683 


5.189 


4.692 


4.485 


8.314 


9.291 


2.830 


3.678 


4.200 


4.845 


5.850 


5.893 


15.705 


13.952 


NA 


17.172 


13.415 


18.300 


1 9.688 


20.444 


69.201 


75.*^-'6 


NA 


10.495 


11.577 


12.304 


12.096 


12.747 


168.086 


169. 


NA 


102.621 


104.915 


111.445 


114.628 


1 1 5.694 


137.755 


139,092 


60.803 


80.71 1 


84.005 


84.415 


87.607 


88.484 


6.547 


6.490 


4.562 


5.4/5 


6.246 


6.407 


6.511 


6.344 


5.941 


6.190 


1.978 


3.330 


3.973 


4.310 


3.879 


3.678 


5.671 


6.392 


1.626 


2.350 


2.497 


2.842 


3.355 


3.354 


12.172 


10.976 


NA 


10.755 


8.194 


13.471 


13.276 


13.834 


44.779 


48.363 


NA 


6.709 


6.788 


7.395 


7.188 


7.611 


18.150 


18.369 


NA 


3.699 


3.832 


4.150 


4.106 


4.444 


15.186 


15.338 


2.404 


2.947 


3.185 


3.415 


3.293 


3.463 


385 


400 


96 


135 


163 


173 


163 


165 


526 


556 


65 


109 


114 


80 


78 


98 


789 


863 


113 


165 


159 


183 


183 


201 


1.264 


1.212 


NA 


343 


211 


299 


389 


517 


8.472 


9.329 


NA 


460 


430 


464 


467 


569 


9.693 


9.452 


NA 


3.501 


3.343 


3.870 


4.139 


3.868 


8.445 


8.406 


2.230 


3.005 


3.023 


3.416 


3.458 


3.257 


85 


66 


38 


27 


29 


26 


42 


36 


198 


206 


34 


59 


81 


74 


74 


65 


155 


143 


27 


72 


85 


45 


38 


34 


810 


631 


NA 


338 


125 


309 


527 


47' 


1.697 


1.813 


NA 


237 


177 


218 


212 


2f 


7.079 


7.283 


NA 


5.733 


5.756 


5.708 


5.597 


5.r i 


5.675 


5.846 


3.034 


4.587 


4.742 


4.424 


4.196 




199 


242 


159 


183 


240 


215 


224 


206 


163 


182 


50 


116 


127 


113 


104 


123 


435 


469 


119 


194 


227 


310 


257 


258 


607 


524 


NA 


653 


420 


646 


816 


992 


4.884 


5.193 


NA 


643 


716 


691 


546 


715 


8.463 


9.100 


NA 


9.458 


11.344 


12.230 


13.684 


1 3.772 


5.815 


6.482 


3.758 


7.235 


8.429 


3.430 


9.247 


9.308 


188 


276 


126 


330 


357 


335 


390 


383 


128 


170 


58 


144 


177 


149 


283 


255 


741 


895 


369 


525 


541 


616 


1.059 


1.144 


1.591 


1.277 


NA 


1.224 


1.840 


2.700 


2.705 


2.682 


5.465 


5.971 


NA 


1.183 


1.585 


1.806 


1.910 


1.883 


58.790 


58.344 


NA 


31.106 


32.159 


33.638 


34.927 


35.755 


50.217 


50.196 


20.476 


26.344 


27.441 


28.154 


28.567 


29.224 


1.829 


1.731 


1.078 


1.244 


1.526 


1.679 


1.744 


1.620 


2.091 


2.056 


521 


603 


811 


810 


949 


856 


2.021 


2.250 


457 


603 


679 


729 


817 


824 


2.632 


2.111 


NA 


2.312 


1.702 


2.266 


2.850 


3.231 


11.387 


12.585 


NA 


1.529 


1.432 


1.569 


1.549 


1.643 


25.429 


25.871 


NA 


13.965 


14.015 


16.868 


17.032 


16.468 


20.710 


21.133 


7.124 


11.123 


11,333 


12.460 


13.354 


12.954 


1.116 


1.142 


401 


622 


771 


1.026 


959 


905 


1.038 


1.193 


327 


439 


684 


1.204 


712 


676 


423 


510 


70 


122 


164 


236 


260 


240 


2.142 


1.893 


NA 


1.659 


1.063 


1.942 


1.747 


1.693 


1.228 


1.215 


NA 


315 


340 


374 


372 


350 



40.482 
31.707 
2.746 
1.797 
1.108 
3.124 
11.647 

33.066 
25.384 
724 
782 
2.643 
3.533 
24.421 



40.742 
31.691 
2.634 
1.828 
1.263 
3.326 
12.257 

34.418 
26.884 
784 
877 
2.899 
2.974 
27.314 



NA 
21.777 
2.664 
923 
471 
NA 
NA 

NA 
18.371 
458 
512 
1.204 
NA 
NA 



35.159 
25.470 
2.934 
1.860 
669 
4.226 
2.342 

30.569 
21.699 
625 
500 
1.328 
6.417 
3.786 



34.466 
25.852 
3.160 
1.979 
642 
2.833 
2,108 

33.173 
24.786 
753 
710 
1.703 
5.221 
4.7G9 



34.982 
25.117 
2.951 
1,880 
723 
4.311 
2.273 

35.330 
25.788 
832 
879 
2.003 
5.828 
4.909 



35.144 
25.494 
2.989 
1.680 
740 
4.241 
2.131 

37.545 
27.041 
784 
813 
2.496 
6.411 
4.908 



36.178 
26.649 
3.030 
1.605 
652 
4.242 
2.243 

38.426 
27.695 
775 
807 
2.540 
6.609 
5.136 



Note NA - Noi AvailaDfe 

SOURCE' Naiional Science Foundation. Academe Soence Bngmeenng Graduate Enrollment and Support. Fall me (fOfihcom.ng) 
See figure 2*2 
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Appendix table 2-3. S/E enrollment of U.S. citizens in doctorate<granting institutions by field, race, and enrollment status: 

1980-86 



Full-time Part-time 



Field and race 19S0 1981 1982 1983 1984 1985 1986 1980 1981 1982 1983 1984 1985 1986 



Total science and engineering 


181.864 


181.593 


181.637 


183.642 


185.283 


184.753 


187.171 


NA 


NA 


101.311 


104.834 


106.299 


111.067 


113.710 


White » , . . 


140.799 


111 Oi7 


148 143 


155.420 




153.257 


156.317 


63.728 


62.124 


79.692 


84.039 


63.836 


87.502 


90.401 


Black . 


5.595 


5.402 


5.992 


5.996 


5.938 


5.956 


5.973 


3.747 


3.546 


4.315 


4.844 


4.641 


4.533 


4.558 


Hispanic « , , . . , 


4.535 


4.117 


5.024 


5.746 


5.853 


6.066 


6.431 


1.910 


2.183 


2.981 


3.464 


3.346 


3.251 


3.367 


Asian ... 


5.073 


4.590 


5.224 


5.843 


6.658 


7.509 


8.500 


2.246 


2.269 


2.808 


2.989 


3.057 


3.967 


4.120 


Total saences 


157.428 


155.977 


153.762 


152.532 


153.321 


152.550 


153.873 


NA 


NA 


75.058 


76.138 


76.968 


79.780 


81.030 




122.458 


1 Id. 1 / O 


iOR QQl 


1 ou.oyo 


130.465 


i PR Iflft 




46.705 


44.859 




62.504 


62.237 


64.689 


66.014 


B!ack .... ... 


5.159 


5.008 


5.519 


5.386 


5.279 


5.295 


5.246 


3.349 


3.159 


3 804 


4.245 


3,979 


3.944 


3.957 


Hispanic 


3.973 


3.638 


4.454 


5.002 


5.124 


5.339 


5.579 


1.482 


1,793 


2.557 


2.877 


2.661 


P.624 


2.652 


Asian ....... 


3.589 


3.522 


?.902 


4.206 


4,582 


5.010 


5.751 


1.229 


1.325 


1.721 


1.750 


1.787 


2.151 


2.165 


Physical sciences . . . 


16.668 


16.523 


17.038 


17.451 


17.720 


17.700 


17.922 


NA 


NA 


2.822 


2.907 


2.900 


2.987 


3.100 




13,638 


13.260 


14.4 15 


I3i lOO 


15 119 


14.926 


15.097 


1.924 


1.904 


2.319 


2.486 


2.514 


2.440 


2.617 


Black 


262 


274 


339 


330 


363 


301 


314 


70 


71 


95 


97 


93 


87 


86 


Hispanic 


288 


315 


375 


434 


444 


514 


531 


49 


40 


86 


105 


63 


50 


56 


Asian , . . x . . . « 


495 


452 


502 


538 


683 


742 


835 


81 


113 


126 


103 


104 


95 


88 


En^'lronmental sciences 


8.930 


9.026 


9.269 


9.805 


9.730 


9.277 


9.111 


NA 




2.674 


2.652 


2.855 


3.154 


2.969 




7,170 


6.849 




8 881 


8.403 


8.108 


8.139 


1 787 


1.661 


? 383 


2 446 


2.580 


2.818 


2.723 


Black ......... 


54 


59 


59 


77 


79 


82 


62 


18 


20 


16 


22 


22 


29 


28 


Hispanic , , . ^ k - 


111 


125 


112 


136 


184 


160 


180 


22 


21 


44 


65 


59 


33 


37 


Asian ...... - 


135 


100 


130 


145 


133 


147 


137 


18 


15 


48 


63 


24 


20 


9 


Mathematical sciences . 


6.213 


6.159 


6.453 


6.232 


6.266 


6,516 


6.805 


NA 


NA 


4.078 


4.025 


3.910 


3.661 


3 370 








5.227 


5.223 


5.226 


5.325 


5.587 


2.490 


2.564 


3.286 


3.361 


3.193 


3.012 


2.611 


Black , . . , X 


106 


119 


146 


126 


134 


162 


191 


114 


120 


122 


147 


121 


105 


110 


Hispanic , , 


125 


157 


163 


201 


163 


161 


168 


31 


46 


81 


94 


82 


70 


80 


Asian , . . 


197 


231 


278 


285 


246 


352 


416 


95 


89 


126 


141 


175 


14:, 


155 


Computer sciences . 


4.030 


4.260 


5.137 


5.755 


6,109 


7.529 


8.065 


NA 


NA 


6.817 


7.787 


8.721 


9.863 


10.377 


White » . . ... 


2.513 


s>. ID 1 


3.850 


4 415 


4.736 


5.557 


6.182 


3.090 


3.250 


5.375 


5.781 


6.153 


7.180 


7.459 


Black X - - , 


38 


70 


116 


117 


128 


154 


228 


79 


119 


233 


253 


249 


303 


282 


Hispanic < . . 


30 


37 


86 


83 


97 


106 


152 


38 


36 


90 


111 


111 


229 


211 


Asian « » . ^ 


142 


199 


279 


442 


453 


597 


727 


253 


306 


366 


363 


437 


778 


818 


Life sciences ........ . . 


59.226 


58.183 


56.343 


55.139 


55.890 


55.112 


55.054 


NA 


NA 


23.800 


24.873 


25.300 


25.990 


27.380 


White , - ^ 


48.155 


45.304 


48,644 


40.0Dy 


49.474 


47 680 


47.801 


15.902 


15.540 


20.723 


21 .657 


21.981 


22.048 


23.362 


Black , 


1.346 


1.203 


1.399 


1.367 


1.377 


1.457 


1.441 


765 


680 


861 


1.045 


1.115 


1.119 


1.112 


Hispanic . . . ^ 


1.357 


855 


1.236 


1.604 


1.657 


1.908 


1.916 


368 


307 


433 


576 


529 


576 


645 


Asian - - 


1.545 


1.321 


1.559 


1,603 


1.756 


1.831 


2.127 


381 


312 


475 


522 


474 


510 


529 


Psychology .- 


20.526 


20.712 


20.216 


20.403 


20.653 


20.476 


20.993 


NA 


NA 


7.759 


7.488 


8.135 


8.784 


8.491 


White — 


14.764 


13.062 


1 ti CTa 


17 311 


17.255 


17 242 


17 659 


4.233 


3.991 


6.361 


6 146 


6.337 


6.897 


6.762 


Black ... 


830 


788 


802 


862 


863 


825 


835 


194 


263 


329 


406 


449 


373 


361 


Hispanic , , ^ . . « . 


846 


871 


936 


897 


938 


917 


1.037 


199 


187 


304 


370 


421 


462 


423 


Asian . . 


247 


291 


274 


289 


321 


341 


389 


41 


43 


78 


84 


89 


99 


99 


Social sciences . , 


41.835 


41.114 


39.306 


37,747 


36.953 


35.940 


35.923 


NA 


NA 


27.108 


26.406 


26.147 


25.341 


25.343 


White 


31.366 


28.943 


31.282 


31.059 


30.252 


29.470 


29.594 


17.279 


15.949 


20.357 


20.627 


19.479 


20,294 


20.480 


Black, ..X. - . 


2.523 


2.495 


2.658 


2.507 


2.335 


2.314 


2.175 


2.109 


1.886 


2.148 


2.275 


1.930 


1.928 


1.978 


Hispanic , . . 


1.216 


1.278 


1.546 


1.647 


1.636 


1.573 


1.595 


775 


1.156 


1.519 


1.556 


1.396 


1.204 


1.200 


Asian 


828 


928 


880 


904 


990 


1.000 


1.120 


360 


447 


502 


474 


484 


504 


467 


Total engineering , . . 


24.436 


25.616 


27.875 


31.110 


31.962 


32.203 


33.298 


NA 


NA 


26.253 


28.696 


29.331 


31.287 


32.680 




18.341 


18.039 


21.152 


24.524 


25.169 


24.949 


26.258 


17.023 


17.265 


18.888 


21.535 


21.599 


22.813 


24.387 


Black 


436 


394 


473 


610 


659 


661 


727 


398 


387 


511 


599 


662 


589 


601 




562 


479 


570 


744 


729 


727 


852 


428 


390 


424 


587 


685 


627 


715 




1.484 


1.068 


1,322 


1.637 


2.076 


2.499 


2.749 


1.017 


944 


1.087 


1.239 


1,270 


1.816 


1.955 



SOURCE. National Science Foundation. Academic Saence> Engineering. Graduate Enrollment Fall 1986 ((orthcoming). unpublished data 
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Appendix table 2-4. Full-time S/E graduate students in doctorate-granting institutions, by field and citizenship- 

1980-86 



Field and citizenship 


1980 


1981 


1982 


1983 


1984 


1985 


1986 


Total science and engineering 

Foreign . 




234,194 
52,601 


236,939 
55.302 


243,540 
59,898 


246,718 
61,435 


251,147 
66,394 


259,980 
72,809 


Tolal sciences 

Foreign 




189,377 
33,400 


188,252 
34,490 


190,024 
37,492 


191,961 
38,640 


195,207 
42,657 


200,055 
46,182 


Foreign 




22,600 
6,077 


23,330 
6,292 


24,492 
7,041 


25,149 
7,429 


25,967 
8,267 


27,074 
9,152 


Environmental sciences 

Foreign 




10,491 
1,465 


10,873 
1,604 


11,466 
1,661 


11,283 
1,553 


10,918 
1,641 


10,909 
1,798 


Mathematical sciences .......... 

Foreign 




9,680 
3,521 


10,174 
3,721 


10,312 
4.080 


10,613 
4,347 


11,168 
4,652 


11,767 
4,962 


Computer sciences 

Foreign 




6,465 
2,205 


7,908 
2,771 


9,267 
3,512 


10,108 
3,999 


12,433 
4,904 


13,504 
5,439 


Life sciences 

Foreign 




67,195 
9,012 


65,653 
9,310 


65,098 
9,959 


66,044 
10,154 


66,112 
11,000 


67,205 
12,151 


Psychology ..... 

Foreign 




21,544 
832 


21,103 
887 


21,309 
9C6 


21,578 
925 


21,524 
1,048 


22,007 
1,014 


Social sciences 

Foreign 




51,402 
10,288 


49,211 
9,905 


48,080 
10,333 


47,186 
10,233 


47,085 
11,145 


47,589 
11,666 


Total engineering 

Foreign 




44,817 
19,201 


48,687 
20.812 


53,516 
22.406 


54,757 
22,795 


55,940 
23,737 


59,925 
26,627 



SOURCE' National Science Foundation, Academic Science^ Engmeermg. Graduate Enrollment and Support, Fall 1986 (forthcoming) 
See figure 0-20 in Overview 
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Appendix table 2*5. S/E graduate students in doctorate and master's granting institutions, by field and enrolfment status: 

1980-86 



1980 1981 1982 1983 1984 1985 1986 



Field and enrollment 


FT 


PT 


FT 


PT 


FT 


PT 


FT 


PT 


FT 


PT 


FT 


PT 


FT 


PT 


Total science and engineering . . . 
Doctorate-granling 


249.159 
230.535 
18.624 


133,941 
103.134 
30.807 


252.997 
234,194 
18.803 


138,643 
105,774 
32.869 


255.297 
236.939 
18.358 


143.685 
109.857 
33.828 


263.690 
243.540 
20.150 


149.665 
104.523 
35,142 


267.320 
246,718 
20.602 


159.079 
116.350 
42.729 


270.353 
251.147 
19.206 


164.269 
120.875 
43.394 


279.235 
259.980 
19.255 


166.867 
124,223 
42.644 


Doctorate-granting 

Master's granting 


206.0"^? 
188.596 
17.456 


101.964 
74,930 
27,034 


206.740 
189.377 
17,363 


104.421 
76.218 
28.203 


205.058 
188.252 
16.806 


109,330 
80,366 
28.964 


208.497 
190.024 
18.473 


11.703 
81.628 
30.075 


210.739 
191.961 
18.778 


118.8<^0 
82.835 
36.005 


212.865 
195.207 
17.658 


121.816 

85,431 
36,385 


217.503 
200.055 
17.448 


123.305 
87.116 
36.189 


Doctorate-granting 


22.918 
22.254 
664 


4.034 
3.139 

895 


23.308 
22.600 
708 


4.074 
3.180 

894 


24.040 
23.330 
710 


4.159 
3.169 
990 


25,213 
24,492 
721 


4.262 
3.235 
1.027 


25.874 
25.149 
725 


4.613 
3.264 
1.349 


26,622 
25,967 
655 


4.573 
3.348 
1.225 


27.697 
27,074 
623 


5.013 
3.528 
1.485 


Environmental sciences — 
Master's granting 


10.969 
10.265 
704 


3.239 
2.530 
709 


11,038 
10.491 

547 


3,384 
2.572 
812 


11,436 
10.873 
563 


3.738 
2.884 
854 


12.089 
1 1 .466 
623 


3.520 
2,801 
719 


11.714 
11.283 
431 


4,088 
3.043 
1.045 


11.390 
10.918 

472 


4,351 
3.334 
1.017 


11.265 
10.909 

356 


4.077 
3.156 
921 


Mathematical sciences 


9.902 
9.368 
534 


5,458 
4,257 
1.201 


10.154 
9.680 
474 


5.761 
4.324 
1.437 


10.823 
10.174 

649 


6.376 
4.584 
1.792 


10.971 
10.312 

659 


6.472 
4.560 
1.912 


11.432 
10,613 
819 


6.400 
4,454 
1,946 


11.963 
11.168 

795 


6.144 
4.100 
2.044 


12,456 
11.767 
689 


5.923 
3.911 
2.012 


Computer sciences ... , 
Doctorate-granting , . . . . 


6.587 
5,900 
687 


6.991 
5,484 
1.507 


7.445 
6.465 
980 


8.992 
6.676 
2.316 


9.171 
7.908 
1.263 


10.641 

7.668 
2.973 


10,687 
9.267 
1.420 


12.929 
9.028 
3.901 


11.328 
10.108 
1.220 


14.036 
10.258 
3.778 


13.928 
12,433 
1,495 


15.594 
1 1.390 
4,204 


15.071 
13.504 
1,567 


15.655 
1 1.848 
3.807 


Doctorate-granting 


72.409 
67.711 

4.698 


30.095 
22.949 
7.146 


72.241 
67,195 
5.046 


30.883 
23.713 
7.170 


70.254 
65.653 
4.601 


32.635 
25.050 
7.585 


70.111 
65,098 
5.013 


33.591 
26.032 
7.559 


70.341 
66.044 
4.297 


35.207 
26.372 
8.835 


70.177 
66.112 

4.065 


36.477 
27.177 
9.300 


70.929 
67.205 
3.724 


37.398 
28.713 
8,685 




26.692 
21.580 
5.112 


13.944 
7.804 
6.140 


26.725 
21.544 
5,181 


13,966 
7,508 
6.458 


25.818 
21,103 
4,715 


14.280 
7.979 
6.301 


26.749 
21.309 
5.440 


14.355 
7,739 
6,616 


27.063 
21.578 
5,485 


17.242 
8,413 
8.829 


26.657 
21.524 
5.133 


1 7,404 
9.036 
8,368 


27.085 
22.007 
5.078 


16.818 
8,752 
8.066 




56.575 
51,518 
5.057 


38,203 
28.767 
9,436 


55.829 
51,402 
4,427 


37.361 
28,245 
9,116 


53.516 
49.211 

4,305 


37,501 
29,032 
8.469 


52,677 
48.080 
4.597 


36.574 
28.233 
8.341 


52.987 
47.186 
5.801 


37.255 
27,031 
10.224 


52.130 
47.085 
5.045 


37.275 
27.046 
10.229 


52.999 
47.589 
5.410 


38.421 
27.208 
11.213 


Master's granting 


43,107 
41,939 
1,168 


31.977 
28,204 
3.773 


46.257 
44.817 
1.440 


34.222 
29.556 
4.666 


50.239 
48.687 
1.552 


34.355 
29,491 
4.864 


55.193 
53.516 
1,677 


37.962 
32.895 
5.067 


56.581 
54.757 
1.824 


40.239 
33.515 
6.724 


57.488 
55.940 
1.548 


42.453 
35.444 
7.009 


61.732 
59.925 
1.807 


43,562 
37,107 
6.455 



SOURCE: National Science Foundation, Academtc SciencefEngineenng, Graduate Enrollment and Support, Fall 1986 (forthcoming) 
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Appendix table 2-6, S/E postdoctorates in doctorate-granting institutions by field: 1^80-85 



Field 



1980 



1981 



1982 



1983 



1984 



1985 



Average annual 
Percent change 

1986 1985-86 J 980-86 



Total sciences and engineering 

Total sciences 

Physical sciences 

Enviror^mental sciences , . 
Mathematcal sciences . . . 

ComputRr sciences 

Life sciences 

Psychology 

Social sciences 

Total engineering 



18,411 


19,646 


19.366 


20,761 


21,587 


22,598 


24,136 


17,433 


18.606 


18.388 


19,659 


20,392 


21,249 


22,716 


4.264 


4.462 


4,281 


4,444 


4,380 


4,517 


4,813 


308 


339 


335 


415 


488 


375 


418 


162 


133 


194 


170 


203 


226 


201 


43 


34 


46 


82 


63 


74 


74 


11,743 


12.855 


12,725 


13,756 


14,473 


15,191 


16.328 


475 


471 


520 


435 


422 


498 


526 


438 


332 


287 


357 


357 


368 


356 


978 


1,040 


978 


1 102 


1,195 


1,349 


1,420 



SOURCE- National Science Foundation. Academic SciencelBngineenng Graduate Enrollment and 
See figures 2-1 and 2-20. 



— Percent 

6.8 4.6 



6.9 

6.6 
11.5 
11.1 
O.C 
7.5 
5.6 
-3.3 

5.3 



4.5 

2.0 
5.2 
3.7 
9.5 
5.6 
1.7 
-3.4 

6.4 



Support: Fall 1986 (forthcoming) 
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Appendix table 2-7. S/E graduate students in all institutions, by gender: 1980-86 



Field 



1980 



1981 



1982 



1983 



1984 



1985 



Average annual 
percent change 

1986 1985-86 1980-86 



Total sciences and engineering . 383,100 391,640 398,982 413,355 426.399 

'^^'e 249,328 249.471 252,179 259!961 265711 

female 133,772 142,169 1 46,803 1 53,394 160,688 

Total sciences 308,016 311,161 314,388 320,200 329,579 

Male 180,747 176.923 176,558 177,168 180^042 

f'emaie 127,269 134,238 137,830 143,032 149,537 

Physical sciences 26,952 27,382 28,199 29,475 30,487 

Male 22.352 22,366 22,776 23,594 24 201 

Pemale 4,600 5,016 5,423 5,881 6!285 

Environmental sciences 14,208 14,422 15,174 15,609 15,803 

Male 10.940 10,945 11,393 11,634 11,849 

female 3,268 3,477 3,781 3,975 3!954 

Mathematical sciences 15,360 15,915 17,199 17,443 17,831 

Male 11,272 11,419 12,109 12,222 12,562 

Pemale 4,088 4,496 5,090 5,221 5^269 

Computer sciences 13,578 16,437 19,812 23,616 25,364 

Male 10,491 12,228 14,366 16,968 18.659 

female 3,087 4,209 5,446 6.648 6!705 

Life sciences 102,504 103,124 102,889 103,702 105,548 

Male 51,062 49,353 47,646 46,754 46,759 

f'emale 51,442 53,771 55.243 56.948 58!788 

Psychology 40,636 40.691 40.098 41,104 44 305 

Male 19.036 17.902 16.980 16.706 17.'l70 

female 21.600 22,789 23.118 24,398 27!l35 

Social sciences 94,778 93,190 91.017 89.251 90,242 

Male 55,594 52,710 51,288 49.290 48!842 

f'emale 39.184 40.480 29,729 39.961 41,400 

Total engineering 75,084 80.479 84,594 93,155 96.820 

Male 68,581 72.548 75,621 82!793 85!669 

^e"^ale 6.503 7,931 8,973 10.362 11,'l5l 

SOURCE' National Science Foundation. Academic Science, Engineering Graduate Enrollment and Support 
See figure 2-1. 



-Percent- 



434.622 
270.958 
163,664 

334.681 
182.997 
151,684 

31,194 
24,636 
6.559 

15.741 
11.724 
4.017 

18,106 
12.574 
5.532 

29.522 
22.326 
7.196 

106,653 
46,734 
59.919 

44.060 
16.609 
27.452 

89,405 
48.396 
41.009 

99,941 
87.961 
11,980 



446,102 
277,337 
168,765 

340,808 
1 85,277 
1ii5,531 

32.710 

6.998 

15,342 
11,328 
4,014 

18.379 
12,795 
5.584 

30.726 
23,266 
7.460 

108.328 
47,043 
61,285 

43,903 
16.088 
27.815 

91.420 
49,045 
42,375 

105.294 
92,060 
13,234 



2.6 
2.4 
3.1 

1.8 
1.2 
2.5 

4,9 
4.4 
6.7 

" 2.5 
-3.4 
-0.1 

1.5 
1.8 
0.9 

4.1 

4.2 
3.7 

1.6 
0.7 
2.3 

-0.4 
-3.1 
1.3 

2.3 
1.3 

3.3 

5.4 
4.7 
10.5 



2.6 
1.8 
3.9 

1.7 
0.4 
3.4 

3.3 

2.4 
7.2 

1.3 
0.6 
3.5 

3.0 
2.1 
5.3 

14.6 
14.2 
15.8 

0.9 
-1.4 
3.0 

1.3 
-2.8 
4.3 

-0.6 
-2.1 
1.3 

5.8 
5.0 
12.6 



Fall 1986 (forthcoming) 
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Appendix table 2-8. Region of origin of foreign students in the United States : 1974/75 to 1985/86 

Latin Middle North South and 

Academic year Total' Africa Europe America East America Oceania East Asia 

1974/75 154,580 18,400 13,740 26,270 23,910 8.630 2,650 58,460 

1975/76 179,340 25,290 14,400 29.820 32,590 9,720 2,740 64,540 

1976/77 203,070 25,860 16.700 37,240 38.490 11,'!20 3,150 70.020 

1977;73 ^ ] . . . . . [ . . 235,510 29,560 19,310 38.840 57,210 12.920 3,810 73.760 

1978/79 263,940 33,990 21,690 41,120 70,430 15,520 4,150 76,850 

1979/80 '! 286,340 36,180 22,570 42,280 83,700 15,570 4, .40 P1,730 

1930/81 311,880 38,180 25,330 49,810 84,710 14,790 4,180 94,640 

1981/82 326,300 41,660 28,990 55,360 74,390 15.460 4,000 106,160 

1982/83 336.990 42,690 31,570 56,810 67,280 14,570 4,040 119,650 

1983/84 338.890 41,690 31,860 52,350 60,660 15,670 4,090 132,270 

1984/85 342,110 39,520 33.350 48,560 56,580 15,960 4,190 143,680 

1985/86 343,777 34.190 34,310 45,430 52,720 16,03 0 4,030 156,830 

Percentage distribution 

1974/75 100.0 11.9 8.9 17.0 15.5 5.6 1.7 37.8 

1975/76 100-0 14.1 8.1 16.6 18.2 5.4 1.5 36.0 

1976/77 ' 100.0 12.7 8.2 18.4 18.9 5.6 1.6 34.5 

1977/78 . .. 100.0 12.6 8.2 16.5 24.3 5.5 1.6 31.3 

1978/79 100.0 12.9 8.2 15.6 26.6 5.9 1.6 29.1 

197)/80 100.0 12.6 7.9 14.8 29.2 5.4 1.4 28.6 

1980/81 100.0 12.2 8.1 16.0 27.2 4.7 1.3 30.4 

1981/82 100.0 12.8 8.9 17.0 22.8 4.7 1.2 32.5 

1982/83 100.0 12.7 9.4 16.9 19.9 4.3 1.2 35.5 

1983/84 . 100.0 12.3 9.4 15.5 17.9 4.6 1.2 39.0 

1984/85 100.0 11.6 9.7 14.2 16.5 4.7 1.2 42.0 

1985/86 100.0 9.9 10.0 13. 2 15.3 4.7 1.2 45.6 

' Details may not add to totals, which include foreign students of unknown origin. 

SOURCE: Institute ol International Education. Open Doors (annual. 1972-1986. HE. 809 United Nationr Plaza. New York. N.Y 10017) 
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Appendix table 2-9. Doctorates from U.S. universities: 1960-86 

y "^^^^^ Total Total Physical Mathematical Computer 

Total Non-S/E S€ sciences engineering sciences scien ces sciences 

I960 9,733 3.470 6.263 5^469 794 U61 291 NA 

^^^^ 10.413 3.692 6.721 5.781 940 1.993 332 NA 

^962 11,500 4,062 7,438 6,222 1.216 2.097 388 NA 

^9^3 12,728 4.509 8,219 6.862 1.357 2,427 483 NA 

^9^4 14,325 5.101 9.224 7,560 1.664 2.527 588 NA 

19^5 16,340 5,864 10,476 8.402 2,074 2,865 685 NA 

^^^^ « 17.949 6,491 11,458 9.157 2.301 3,059 769 NA 

19^7 > 20.403 7,421 12.982 10.378 2,604 3.503 830 NA 

196S • 22,936 8.488 14.448 11.593 2,855 3,681 971 NA 

^9^9 25.743 9.704 1 6,039 1?.r74 3.265 3.935 1.070 NA 

^970 29,498 11.755 17.743 14,309 3.434 4,403 1 225 NA 

^971 31,867 12,918 18,949 15.451 3.498 4,501 1 238 NA 

^972 33.041 14.034 19,007 15.504 3,503 4,257 1.281 NA 

^973 33,755 14,754 19,001 15.637 3,364 4,078 1 233 NA 

^9''^ ^3,047 14,734 18,313 15,166 3,147 3765 1,211 NA 

1975 32.951 14,593 18,358 15,356 3.002 3,710 1 147 NA 

^976 32,946 15.082 17,864 15.030 2,834 3,506 1 003 NA 

1977 31.716 14,299 17,417 14,774 2.643 3.415 933 31 

1978 30,875 13,827 17,048 14,625 2.423 3,234 838 121 

^979 31.237 13,992 17.245 14,755 2.490 3,320 769 210 

1980 31,017 13,818 17,199 14.720 2,479 3,149 744 218 

1981 31,353 13,720 17.633 15,105 2,528 3,210 728 232 

1982 31,096 13,470 17,626 14,980 2,646 3,351 720 220 

1983 31.216 13,284 17,932 15,151 2,781 3,439 701 286 

^984 31.277 13,208 18,069 15,156 2,913 3,459 698 295 

1985 31,211 12,770 18,262 15,095 3,167 3,534 688 311 

^986 31,770 12,978 18,792 15,416 3.37 6 3,679 730 399 

Note: NA - Available 

SOURCE- National S'j.ence Foundation. Division of Science Resources Studies. Science and Engineering Education Sector Studies Group, unpublished data 
See figure 2-3 and table 0-2 in Overview. 



Life 
sciences 



Psychology 



Social 
sciences 



1.660 
1,682 
1,367 
1,976 
2.219 

2,539 
2.711 
2,966 
3,511 
3.815 

4,165 
4,557 
4.454 
4,503 
4,304 

4,402 
4,361 
4,266 
4,369 
4,501 

4,715 
4.786 
4,841 
4.749 
4,869 
4,882 
4,790 



772 
820 
856 
890 
1,013 

954 
1,139 
1,295 
1.464 
1.766 

1,890 
2,145 
2,279 
2,458 
2,598 

2.751 
2.883 
2,990 
3,055 
3,091 

3,098 
3,358 
3.158 
3,308 
3,223 
3.072 
3,071 



885 
954 
1.014 
1,086 
1.213 

1,359 
1.479 
1.784 
1.966 
2,188 

2.626 
3.010 
3.233 
3,365 
3.288 

3,346 
3,277 
3,139 
3,008 
2.864 

2.796 
2,791 
2.690 
2,666 
2,609 
2,608 
2,747 
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Appendix table 2-10. Academic degrees awarded by degree level, S/E and non- S/E, and gender; 1960-86 



Bachelors Masters Doclorales 







Number 




Percenl 




Number 




Percenl 




Number 




Percent 


Year 


Tola! 


S'B 


Female 






Tolal 


SE 


Female 




S E 




Total 


S'E 


Female 


S E 


Female 


1960 


...... 394.889 


120.937 


19.362 


31 


16 


74.497 


20.012 


2.074 


27 


10 


9.733 


6.263 


443 


64 


7 


1961 


401.784 


121.660 


20.595 


30 


17 


78.269 


22.786 


2.464 


29 


11 


10.413 


6.721 


494 


65 


7 


1962 X . . X . X X 


. . , .X 4^U»4ob 


ic7.4u^ 




in 


1ft 




OS I4fi 


9 ftl9 




] ] 


11 son 


7.438 




65 


7 


]963 


..... 450.592 


135.964 


27.099 






91.418 


27.367 


3.1S4 


30 


12 


12.728 


8.219 


598 


65 


7 


1964 .. 


502.104 


153.361 


32.473 


O 1 


01 


101.222 


30.271 


3.567 




12 


14.325 


9.224 


692 


64 


8 


1965 


538.930 


164.936 


36.213 


31 


22 


112.195 


33.835 


4.082 


30 


12 


16.340 


10.476 


744 


64 


7 


1966 


555.613 


173.471 


39.482 


31 


2Z 


140.772 


38.083 


4.882 


27 


13 


17.949 


11.458 


909 


64 


o 
O 






1 Q7 QaQ 




10 


01 


1 57.892 


41 ftOO 


5.717 




14 


20.403 


12.982 


1.086 


64 


8 


1968 . 


.no., 671.591 


212.174 


53.463 


10 


OR 


177.150 


45.425 


6.512 


26 


14 


22.936 


14.448 


1.298 


63 


9 


1963 X X 


...... 769.683 


244.519 


63.196 


10 


OR 


194.414 


48.425 


7.314 




15 


25.743 


16.039 


1,483 


62 


9 


1970 


. . 833.322 


264.122 


68.878 


32 


26 


209.387 


49.318 


8.577 


24 


17 


29.498 


17.743 


1.626 


60 


9 




884.386 


271.176 


72.996 


31 


27 


231.486 


50.624 


8.658 


22 


17 


31.867 


18.949 


1,941 


59 


10 


1972 


937.884 


281.228 


77.671 


30 


28 


252.774 


53.567 


9.567 


21 


13 


33.04 1 


19.007 


2.103 


58 


11 


1973 


...... 980.707 


295.391 


83.839 


30 


28 


264.525 


54.234 


9.760 


21 


18 


33.755 


19.001 


2.450 


56 


13 






305.062 


9 1 .793 


30 


30 




CA 1 


1 n tiAti 
IU.D49 


19 


19 


11 f\A7 


1 fi 1 ii 

lO.O lO 


C.0U7 


55 


14 


1975 


987.922 


294.920 


93.342 


30 


32 


293.651 


53.825 


11.005 


18 


20 


32.951 


18.358 


2.836 


56 


15 


1976 


, . . , . 997.504 


292.174 


95.597 


29 


33 


313.001 


54.747 


12.072 


17 


22 


32.946 


17.864 


2.981 


54 


17 


1977 ......... 


, , . 993.008 


288.543 


97.453 


29 


34 


318.241 


56.731 


13.154 


18 


23 


31.716 


17.4^0 


3.106 


55 


18 


1978 


997.165 


288.167 


100.060 


29 


35 


312.816 


56.237 


13.690 


18 


24 


30.875 


17.048 


3.313 


55 


19 






288.625 


102.292 


29 


35 


302.075 


54.456 


14.040 


16 


26 


31.237 


17.245 


3.583 


55 


21 


1980 ......... 


... 1.010.777 


291.983 


105.974 


29 


36 


299.095 


54.391 


14.383 


18 


26 


31.017 


17.199 


3.801 


55 




1981 ....... 


...... 1.019.246 


294.867 


108.442 


29 


37 


296.798 


54.811 


15.014 


18 


27 


31.353 


17.633 


4.023 


56 




1982 . 


...... 1.036.597 


302.118 


113.161 


29 


37 


296.580 


57.025 


15.976 


20 


28 


31.096 


7.626 


4.143 


57 


24 


1983 ..... > ^ 


...... 1.054.242 


307.225 


115.611 


29 


38 


290.931 


58.868 


17.081 


20 


29 


31.216 


17.93^ 


4.468 


57 


25 


1984 


, . . , . 986.345 


314.656 


118.016 


32 


38 


285.462 


59.569 


17.675 


21 


30 


31.277 


18.069 


4.568 


58 


25 


1985 .... . . 


1.066.439 


321.739 


121.439 


30 


38 


287.213 


61.278 


18.298 


23 


30 


31.211 


18.262 


4.655 


59 


25 


1986 


NA 


NA 


NA 


NA 


NA 


NA 


NA 


NA 


NA 


NA 


31.770 


18.792 


4.906 


59 


26 



SOURCt Bacneior aixj Master s» degrees. iybO-198u Nauonaj Science FuuTnJaiwn. oc/e/ite tino inymcctmy Oey/ec:* la^ i^8u UiSF 8 J 30 7|. Dachetui and Ma^tei & degree:^ 1980 Bt. and a'l Pt 0 s 
National Science F >ndat«on. Division ol Science Resources Studies St.once and Engjncenng Education Sector Studies Group. unputMiShcd tabulations 
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Appendix table 2-11. Median total years from receipt of baccalaureate to earning the doct jrate: 1960-84 















Year of doctorate 












Field of doctorate 


1960 


1962 


1964 


1966 


1968 


1970 


1972 


1974 


1976 


1978 


1980 


1982 


1984 


Total Ph.D.s 

Men 

Women 


. . ,. 12.16 


8.83 
8.57 
12.01 


8.37 
8.09 
11.92 


8.16 
7.91 
10.86 


8.11 
7.88 
10.29 


f.OO 

7.64 
9.63 


0. 1^ 

8.00 
9.68 


8.51 
8.34 
941 


8.64 
8.37 
9.72 


8.90 
8.55 
10.07 


9.27 
8.77 
10.53 


9.06 
8.99 
10.99 


10.00 
9.31 
11.60 


Physical sciences . 
Women 


. .. 6.49 
7.08 


6.51 
6.53 
6.25 


6.18 
6.17 
6.50 


6.04 
6.04 
6.17 


6.02 
6.00 
6.46 


D. 1 1 

6.08 
6.71 


b.oo 
6.52 
6.65 


6.78 
6.79 
6.58 


6.74 
6.74 
6.65 


6.98 
7.01 
6.77 


6.85 
6.88 
6.65 


6.89 
6.89 
6.87 


7.20 
7.23 
7,05 


Engineering 

Men .. 

Women 


7.36 
... 12.00 


7.07 
7.05 
10.00 


6.97 
6.97 
7.50 


6.99 
6.98 
7.83 


7.07 
7.07 
6.50 


6.92 
8.00 


7 /IP 

7.46 
7.50 


•7 CO 

7.63 
7.00 


7.46 
7.46 
7.57 


7.50 
7.50 
7.40 


7.63 
7.65 
6.58 


7.97 
8.00 
7,62 


7.99 
8.02 
7.37 


Life sciences ... 

Women 


7.96 


7.82 
7.73 
8.90 


7.40 
7.30 
8.48 


7.34 
7.32 
7.50 


7.13 
7.15 
7.02 


6.63 
6.61 
6.77 


6.99 
6.97 
7.10 


7.20 
7.22 
7.12 


7.28 
7.27 
7.34 


7.32 
7.21 
7.83 


7.37 
7.26 
7.76 


7.61 
7.50 
7.94 


8.10 
8.04 
8.51 


Social sciences ....... 

Women 


8.75 
9.81 


9.02 
8.86 
10.44 


8.18 
8.00 
9.70 


7.64 
7.45 
9.27 


7.70 
7.58 
8.34 


7.31 
7.22 
7.85 


7,47 
7.35 
8.03 


7.72 
7.72 
7.73 


7.75 
7.69 
7.94 


8.13 
8.05 
8.31 


8.59 
8.45 
8.87 


9.15 
8.97 
9.54 


9.68 
9.56 
9.92 


Men . . 

Women 


9.92 
... 11.67 


10.32 
10.06 
12.14 


9.91 
9.71 
11.19 


9.83 
9.55 
11.08 


9.47 
9.26 
10.45 


9.07 
8.88 
9.73 


8.99 
8.86 
9.44 


9.30 
9.21 
9.52 


9.70 
9.58 
9.95 


10.18 
9.95 
10.53 


10.61 
10.29 
11.21 


11.16 
10.79 
11.70 


11.48 
11.18 
11.94 


Education ........ 


... 12.89 


12.76 
12.31 
23.00 


13.50 
13.00 
28.29 


14.25 
13.90 
23.75 


13.94 
13.33 
23.50 


12.68 
12.28 
14.94 


12.53 
12.14 
14.45 


12.38 
12.14 
13.35 


12.65 
12.52 
13.00 


12.71 
12.39 
13.31 


13.15 
12.87 
13.53 


13.60 
13.16 
14.16 


14.63 
14.19 
15.09 


Professional fields 

Men 

Women 


... 11.80 


10.84 
10.18 
20.37 


10.95 
10.47 
15.50 


10.77 
10.05 
28.42 


10.92 
10.55 
19.99 


10.15 
9.79 
21.63 


9.72 
9.27 
17.21 


9.79 
9.63 
12.31 


10.31 
10.07 
11.27 


10.73 
10.45 
11 35 


11.05 
10.93 
11.74 


11.58 
11.59 
11.56 


12.23 
11.78 
13.29 



SOURCE: National Research Council. Doctorate Recipients from U.S Umversmes. various issues 
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Appendix table 2-12. Enrollment and source of support of full-time S/E graduate students in doctorate-granting 

institutions: 1980<86 



Average annual 
percent change 



Field and support 



Total science and engineering 

Federal - — « 

institutionat support . 
Other outside support . . , . 
Self support 

Total sciences . . « x .... 

Federal .... — ..... 

Institutional support ...... 

Other outside support .... 

Self support 

Physical sciences . ........ 22.254 

Federal ............... . . 

Institutional support ....... 

Other outside support . — 
Sell support 

Environmental sciences 

Federal ................. 

Institutional support ....... 

Other outside support . — 
Self support ......... .... 



Mathematical sciences . . 

Federal .... 

institutional support 
Other outside support 
Self support — .. 



Computer sciences . . . . . 

Federal ............. 

Institutional support . . 
Other outside support 
Self support 



Agricultural sciences . ..... 

Federal . — ............ 

Institutional support ...... 

Other outside support . . . 
Self support ............. 

Biological sciences ............ 35.81 7 

Federal ...... — ....... 

Institutional support .. ... 

Other outside support . . . 
Self support 



Health sciences ........ 

Federal 

Institutional support . 
Other outside support 
Self support 



Psychology . . . 

Federal 

Institutional support . . 
Other outside support . . 
Self support 



Social sciences ........ 

Federal 

Institutional support . 
Other outside support 
Self support ...... . 

Total engineering 

Federal 

Institutional support 
Other outside support 
Self support 



1980 


1981 


1982 


1 QOI 

19oo 


1 904 






1985-86 


1980-86 
















Percent 


230.535 


234.194 


236.939 


243.540 


246.718 


251.147 


259.980 




2.0 


52.939 


50.897 


47.206 


47.415 


47.687 


48.964 


51,367 


4.9 


- 0.5 


86.715 


90.261 


93.244 


96.108 


100.001 


102.325 


107.479 


n 

3.U 


3.6 


21.066 


22.382 


23.630 


24.430 


24.535 


26.427 


26.718 


1.1 


4.0 


69.815 


70.654 


72.859 


75.587 


74.495 


73.431 


74.416 


1.3 


1.1 


188.596 


189.377 


188.252 


190.024 


191.961 


195.207 


200.055 


2 5 


1.0 


41.832 


39.974 


36.201 


35.499 


36.179 


37,771 


39.002 


3.3 


1.2 


74.081 


76.161 


78.075 


79.869 


82.774 


84.049 


87.502 


4.1 


2.8 


14.914 


15.500 


15.993 


16.463 


15.991 


16.911 


16.519 


-2.3 


1.7 


57.769 


57.742 


57,983 


58.193 


57.017 


56.476 


57,032 


1.0 


-0.2 


22.254 


22.600 


23.330 


24.492 


25.149 


25.967 


27.074 


4.3 


3.3 


7.655 


7.899 


7.644 


8.050 


8.551 


8.723 


9.434 


8.2 


3.5 


11.928 


11.924 


12.581 


13.160 


13.283 


13.565 


14.018 


3 3 


2.7 


1.307 


1.416 


1.740 


1,688 


1.791 


2.046 


1.907 


68 


6.5 


1.364 


1.361 


1.365 


1.594 


1.524 


1.633 


1.715 


50 


39 


10.265 


10.491 


10.873 


11.466 


11.283 


10.918 


10.909 


- 0.1 


1.0 


3.369 


2.965 


2,808 


2.845 


2,822 


2.939 


3.015 




- 1.8 


3.648 


3.916 


4.097 


4.075 


4,179 


3.983 


4,166 


4.6 


2.2 


1.042 


1.129 


1.199 


1.259 


1.224 


1.385 


1.227 


- 11.4 


2.8 


2.206 


2.481 


2.769 


3.287 


3.058 


2.611 


2.501 


42 


2.1 


9.368 


9.680 


10.174 


10.312 


10.613 


11.168 


11.767 


5.4 


3.9 


842 


782 


802 


747 


755 


930 


992 


6,7 


2 8 


6.340 


6.457 


6.827 


7.119 


7.389 


7.766 


8.182 


5.4 


4.3 


519 


526 


536 


507 


626 


543 


587 


•8.1 


2.1 


1.667 


1.915 


2.009 


1.939 


1.843 


1.929 


2.006 


4.0 


3,1 


5.900 


6.465 


7.908 


9.267 


10.108 


12.433 


13.504 


8.6 


14.8 


879 


944 


973 


1.045 


1.215 


1.568 


1.818 


15.9 


12.9 


1.961 


2.314 


2.579 


3.072 


3.486 


4.089 


4.315 


5.5 


14.0 


602 


598 


670 


689 


705 


1.264 


1.424 


12.7 


15.4 


2.458 


2.609 


3.686 


4.461 


4.702 


5.512 


5,947 


7,9 


159 


9.591 


9.630 


9.500 


9.397 


9.327 


8.723 


8.858 


1.5 


- 1.3 


1.778 


1.710 


1.654 


1.510 


1.350 


1.504 


1.603 




- 17 


3.359 


3.448 


3.444 


3,576 


3.821 


3.369 


3.517 


4.4 


0.8 


2.023 


2.116 


2.008 


2,090 


1.942 


1.852 


1.755 


5.2 


-2.3 


2.431 


2.356 


2,394 


2.221 


2.214 


1.998 


1.983 


-0.8 


-3.3 


35.817 


35.454 


35.226 


35.148 


35.833 


35.983 


3G.916 




0.5 


10.725 


10,505 


10.055 


10.131 


10.456 


10.763 


11.205 


4.1 


0.7 


15.546 


15.674 


15.796 


15.843 


16,419 


16.465 


17.101 


3.9 


1.6 


2.731 


2,746 


3.053 


3.160 


3.093 


3.250 


3,094 


-4.8 


2.1 


6.815 


6.529 


6.322 


6.014 


5.865 


5.505 


5.516 


0.2 


-3.5 


22.303 


22,111 


20.927 


20.553 


20.884 


21.406 


21.431 


0,1 


-0.7 


8.184 


7.653 


6.120 


5.556 


5.563 


5,966 


5,797 


- 9 ft 


_ 5 g 


4.437 


4.314 


4.612 


4.673 


5.114 


5,380 


5.653 


5.1 


4,1 


1.197 


1.257 


1.270 


1.559 


1.597 


1.636 


1.573 


-3.9 


4.7 


8.485 


8.887 


8,925 


8.765 


8,610 


8,424 


8.408 


0.2 


0.2 


21.580 


21.544 


21.103 


21,309 


21.578 


21,524 


22.007 


2.2 


0.3 


3,189 


2.895 


2.283 


1.980 


1.942 


1,958 


1.893 


3.3 


- 8.3 


7.869 


8.614 


8.557 


8.778 


9.229 


9.540 


9,922 




3.9 


1.438 


1.505 


1.377 


1,316 


1.325 


1.326 


1,327 


0,1 


1.3 


9.084 


8.530 


8.886 


9.235 


9.082 


8.700 


8.865 


1.9 


0.4 


51.518 


51.402 


49,211 


48,080 


47.186 


47.085 


47.589 


1.1 


1.3 


5.211 


4.621 


3.862 


3.635 


3,525 


3,420 


3.245 


5.1 


7.6 


18.993 


19.500 


19.582 


19,573 


19,854 


19.892 


20.628 


3.7 


1.4 


4.055 


4,207 


4,140 


4.195 


3.688 


3,609 


3.625 


0.4 


- 1.9 


23.259 


23.074 


21.627 


20.677 


20.119 


20.164 


20.091 


0.4 


2,4 


41,939 


44.817 


48.687 


53.516 


54.757 


55.940 


59.925 


7.1 


6.1 


11.107 


10.923 


11.005 


11.916 


11,508 


11.193 


12,365 


10.5 


18 


12.634 


14.100 


15,169 


16.239 


17,227 


18.276 


19.977 


93 


7.V 


6.152 


6.882 


7,637 


7,967 


8,544 


9.516 


10.199 


7.2 


8.8 


12.046 


12.912 


14.876 


17.394 


17.478 


16,955 


17.384 


2.5 


63 



SOURCE National Scionco Foundalion, AcaHemic Science Engmoenng GraOuale EnrMmeni and Support. Fall 1986 ((otlhcommg) 
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Appendix table 2*13. Full'time S'E graduate students in doctorate-granting institutions, by field and type of mapr 
support: 1980-86 



Field and type of ma]Or support 



t980 



1981 



1982 



1983 



1984 



1985 



1986 



Average annual 
percent change 

1985 86 198086 



Total sciences and ongineenng 
Fellowstiips and Irainceships 
Research assistantships . 
Teaching assistant ships 
Other types ol support . 
Self 'Support ...^ , 

Total engineering 

Fellowships and traineeships 
Research assistantshrps 
Teaching assistantships > , . 
Other types of support . . 
Self'Support 



Total sdences 

Fellowships and traineeships 
Research assistantshrps 
Teaching assistantships . . . 
Other types of support , . , 
Self-support 

Physical sdences 

Fellowships and traineeships 
Research assistantships . , 
Teaching assistantships , . . 

Other types of support , . 

Self'Support ............ 

En^ronmental sciences 
Fellowships and traineeships 

Research assistantships 

Teaching assistantships . . . 
Other types of support . . . . 
Self'Support , . 

Mathemaiical sdences . . 
Fellowships and traineeships . 
Research assistantships . . . 
Teaching assistantships , . 
Other types of support ... . 
Self'Support . , 

Computer sdences < 

Fellowships and traineeships 
Research assistantships 
Teaching assistantships 
Other types of support 
Self-support . , , , . 

Agricultural sdences 
Fellowships and traineeships 
Research assistantships . , 

Teaching assistantships 

Other types of support . . 
Self-support , ... . 

Biological sdences 

Fellowships and traineeships 
Research assistantships . , . 
Teaching assistantships . 
Other types of support . . 
Self'Support 

Health sciences . . 
Fellowships and traineeships 
Research assistantships 
Teaching assistantships 
Other types of support 
Self>support . . , . 

Psychology 

Fellowships and traineeships 
Research assistantshrps 
Teaching assistantshrps 
Other types of support , 
Self'Support 

Social sdences 
Fellowships and traineeships 
Research assistantships 
Teaching assistantships 
Other types of support 
Self'Support 



-Percent" 



230.535 


234.194 


236.939 


243.540 


246 718 


251.147 


^59.980 


3 5 


20 


38.901 


37.653 


35.979 


35 388 


35.734 


36 888 


"^7 1<i 


1 2 


0-7 


50.781 


51.945 


51.828 


54.146 


Q id 




65.560 


8 5 


4 3 


51.838 


53.800 


56.068 


57.872 




60.054 


60.927 


1 5 


2 7 


19.200 


20.141 


20.205 


on tLA7 


cU.JoJ 


20.326 


21,732 


3 1 


1 8 


69.815 


70.654 


72.859 


75.587 


74.495 


73.431 


74.416 


1 3 


\ \ 


41.939 


44.817 


48.687 


53 5l6 




55.940 


59.925 


7 1 


6 1 


4.603 


5.032 


5.416 


5.576 


5 596 


D.D/ 1 


5.781 


3 8 


3 9 


13.92C 


14.394 


14.595 


15.581 


l6 206 


1 7.858 


20.407 


14 3 


66 


7.245 


8.155 


8.952 


9.901 


10 369 


1 0.575 


10.973 


3 8 


7 2 


4.117 


4.324 


4.848 


5.064 


5 108 


4.981 


5.380 


4 0 


1 8 


12.046 


12.912 


14.876 


17.394 


17.478 


16.955 


17.384 


2 5 


63 


188.596 


189.377 


188.252 


190.024 




1 95.207 


ncc 
4^00.055 


2 5 


1>0 


34.298 


32.621 


30.563 


29.812 


30 l38 


3 1 .3 1 7 


31.564 


0 8 


1.4 


36.853 


37.552 


37.233 


38.565 


40 740 




45.153 


6 0 


3 4 


44.593 


45.645 


47,116 


47.971 


48 791 




49.954 


1 0 


1.9 


15.083 


15.817 


15 357 


15.483 


1 5.275 


15.345 


1 6.352 


2.7 


1.4 


57.769 


57.742 


57.983 


58.193 


57.017 


56.476 


57.032 


1 0 


02 


22.254 


22.600 


23.330 


24.492 


25 149 


25.967 


27.074 


4 3 


33 


2.183 


2.237 


2.285 


2.288 


2 413 


2.301 


2.376 


3 3 


1.4 


8.258 


8.524 


8.683 


9.060 


9 5l7 




10.847 


3 3 


1.4 


9.S94 


9.976 


10.361 


10 898 


10 979 


ni48 


1 1 .329 


6 6 


4 6 


555 


502 


636 


652 


716 


71 1 


807 


6 9 


5 5 


1 36^ 


1.361 


1.365 


1.594 


1.524 


1.633 


1,715 


50 


3 9 


10.265 


10.491 


1 0.873 


1 1 .466 




1 0.9 1 8 


10.909 


-0-1 


1 0 


1.107 


1.095 


1.140 


1 147 


1117 


1 139 


989 


13 2 


1.9 


3.664 


3.402 


3.265 


3.481 


3 506 


J.O/O 


3.789 


3.1 


0 6 


2.563 


2.541 


2,737 


2.752 


2.743 


2.541 


2.554 


0 5 


0.1 


725 


972 


S62 


799 


859 




1 .076 


6 4 


5 8 


2.206 


2.481 


2.769 


3.287 


3 058 


2.611 


2.501 


4 2 


2.1 


9.368 


9.680 


10.174 


10.31 2 


10 6l3 




1 1 .767 


5 4 


3 9 


891 


799 


788 


800 


901 




1.007 


1 5 


2.1 


773 


732 


822 


775 


846 




1.01 7 


4,4 


4 6 


5.373 


5.536 


5.817 


6.140 




6.553 


6 897 


5 2 


4 2 


664 


698 


738 


658 




70C 


840 


7.6 


3 4 


1.667 


1.915 


2.009 


1.939 


1.843 


1.929 


2.006 


4 0 


3-1 


5.900 


6.465 


7.908 


9.267 


10 108 


iO A'i'i 


13.504 


8 6 


14 8 


367 


473 


463 


524 


612 


807 


893 


10 7 


160 


1.023 


1.068 


1.151 


1 367 


1 .OOc. 


2.020 


2.284 


13.1 


14 3 


1.409 


1-742 


1.955 


2.31 1 


2.646 


3.089 


3.109 


0 6 


14,1 


643 


573 


653 


604 


566 


1 fWi. 


1.271 


11 9 


102 


2.458 


2.609 


3 686 


4.461 


4.702 


5.512 


5.947 


7 9 


15 9 


9.591 


9.630 


9.500 


9 397 


9.327 


8.723 


8 858 


1 5 


• 3 


772 


793 


779 


759 


666 


OD/ 


649 


1 2 


29 


4.484 


4.647 


4.558 


4.509 


4 612 


4.308 


4.6l2 


7 1 


0 5 


888 


805 


883 


879 


837 


824 


752 


8,7 


2 7 


1.016 


1.029 


886 


1.029 


QQQ 


936 


862 


8 0 


24 


2.431 


2.356 


2.394 


2.221 


2.214 


1.998 


1.983 


0 8 


33 


35.817 


35.454 


35.226 


35 148 


J3.000 


35.983 


36.916 


2 6 


05 


8.160 


7.967 


7.845 


7.928 


8.122 


8.343 


8.606 


3 2 


09 


9.545 


9 801 


9.774 


9.986 


10 820 




1 2.059 


7.8 


4 0 


9.120 


9.037 


9.155 


8.956 


8 9l4 


8.936 


8 609 


3 7 


1 0 


2.177 


2.120 


2.130 


2.264 


2 112 


2.010 


2,126 


2-7 


03 


6.815 


6.529 


6.322 


6.014 


5.865 


5.505 


5.516 


0 2 


3 5 


22.303 


22.111 


20.927 


20.553 


20.884 


2 1 .406 


21.431 


0 1 


0 7 


8.034 


7.691 


6.704 


6.033 


6 034 


6.505 


6.318 


2 9 


39 


1.448 


1.477 


1.493 


1.567 


1.797 


£m loo 


2.320 


7 4 


8 2 


1.960 


1.949 


2.071 


2.077 


2.2l0 


2,188 


2.288 


4 6 


26 


2.376 


2.107 


1.734 


2111 


2 233 


O lOQ 


2.097 


4 4 


1 8 


8.485 


8.887 


8.925 


8 765 


8 6l0 


Q 10/1 


8.408 


0 2 


0 2 


21,580 


21.544 


21.103 


21.309 


21.578 


21.524 


22.007 


22 


03 


3.447 


3.167 


2.915 


2.546 


2.635 


2.769 


2.588 


65 


4 7 


2.342 


2.664 


2.510 


2.657 


2.762 


2.867 


2.889 


08 


36 


4.424 


4.604 


4.550 


4.640 


4.669 


4,817 


4.974 


33 


20 


2.283 


2.579 


2.242 


2.231 


2.430 


2.371 


2.691 


66 


•* *> 


9.084 


8.530 


8 886 


9.235 


9 082 


8.700 


8.865 


1 9 


04 


51.518 


51.402 


49.211 


48.080 


47.186 


47.085 


47.589 


1 1 


13 


9.337 


8.399 


7.644 


7.787 


7.638 


7.804 


8.138 


43 


23 


5.316 


5.237 


4.977 


5.164 


5.298 


5 227 


5.341 


22 


0 1 


8.962 


9.455 


9.587 


9.318 


9.468 


9.383 


9.442 


06 


09 


4.644 


5.237 


5.376 


b.134 


4.663 


4.507 


4.577 


03 


02 


23.259 


23.074 


21.627 


20.677 


20.119 


20.164 


20.091 


04 


24 



SOURCE Natjonal Science Fo«ndaf>on Acod^miC Sctence Engineering Graduate Cnroltment and Support fail m$ (fo<lhcominq) 
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Appendix table 2-14. Baccalaureate sources of 1984 S/E doctorate recipients, by institutional type 



Total 



Research 



Other 
doctorate- 
granting 



Field 



Total Classified institutions institutions 



Conaprehensive 
institutions 



Liberal 
arts 



Specialized 



colleges institutions 



-Percent of classified institutions- 



Physical sciences 

Physics and astronomy 

Chemistry 

Earth, atmospheric and marine sciences. . 
Mathematics and computer sciences . — 

Life sciences 

Biological sciences 

Health sciences 

Agricultural sciences 

Social sciences 

Psychology 

Economics 

Anthropology and sociology 

Political sciences 

Engineering 

SOURCE: National Research Council. Doctorate Recipients from U.S. Universities. Summary Report 1984, p,l3 
See figure 2-5. 



3,212 


3,212 


31.3 


27,1 


25.1 


14.2 


2.3 


767 


767 


42.8 


25.9 


18.8 


9.4 


3,1 


1,373 


1,373 


21.8 


28.0 


31.8 


16.9 


1.4 


486 


486 


34.8 


27.4 


19.8 


14.8 


3.3 


586 


586 


35.5 


26.3 


22.0 


13.8 


2.4 


4.670 


4,661 


34.3 


31.0 


21.4 


11.8 


1.5 


3,353 


3,349 


34.7 


29.5 


22.0 


12.9 


0.9 


588 


587 


27.4 


31.0 


24.2 


12.3 


5.1 


729 


725 


38.2 


37.9 


16.3 


6.2 


1.4 


4,866 


4,860 


28.2 


29.8 


26.2 


15.2 


0.7 


2,919 


2,916 


26.2 


29.5 


27.8 


15.8 


0.7 


472 


471 


33.3 


33.8 


19.3 


13.2 


0.4 


714 


712 


30.5 


28.5 


24.6 


16.2 


0.3 


396.0 


396.0 


30.3 


29.0 


26.3 


12.1 


2.3 


1,394 


1,394 


47.7 


31.0 


12.3 


3.9 


5.0 
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Appendix table 2-15. Baccalaureate origins of Ph.D/s for selected categories of undergraduate institutions: pre-1963, 

1963-72, 1973-82 







Engineerrng 


Physical sciences^ 


Environmental sciences^ 


Biological sciences 


Social sciences 


Non S/E fields 


Baccalaureate school* 


Pre- 
1963 


1963-72 


1973-82 


Pre- 
1963 


1963-72 


1973-82 


Pre- 
1963 


1963-72 


1973-82 


Pre* 
1963 


1963-72 


1973-82 


Pre- 
1963 


1963-72 


1973-82 


Pre- 
1963 


1963-72 


1973-82 


Schools granting doctorates 


















Perc 


ent 


















I98t/1982: 






































Schools granting ^ 40 S/E 






































Ph.0;s(171)» 

Schools granting 40 or fewer S^E 


68.4 


60.0 


44.3 


56.9 


49.3 


43 4 


63 J 


57.2 


53.0 


59.8 


47.2 


48 4 


22.3 


49.6 


47.6 


47.3 


42.0 


39.2 


Ph.D's(143) 


1.9 


5.8 


5.0 


5.5 


6.8 


6.8 


3.8 


4.7 


5.9 


5.7 


63 


6.6 


5.1 


5.7 


68 


7.2 


8.7 


9.1 


Nondoctoral schools 1981/1982: 






































Schools granting up to Master's 






































(1.096) 

Schools granting Bachelor's 


7.5 


8.3 


7.6 


27.7 


26.8 


25 0 


16.6 


19.8 


22.1 


19 8 


24.6 


25.0 


26.7 


30.7 


30 8 


35.7 


38.3 


38.7 


(329) 

Forergn schools (NA) 


0.3 
189 


0.4 
24.8 


0.7 

39.3 


1.5 

7.7 


1.2 

14.7 


1.5 
21.3 


0.4 
15.4 


0.6 
168 


0.9 
16.4 


1.0 
12.2 


1.2 
18.3 


1.5 
15.7 


1.1 
8.4 


0.9 
12.0 


1.6 
10.7 


2.0 
5.7 


1.8 

7.4 


2.4 
82 



'Number of institutions in each category in parentheses. 

^includes physics, mathematics, and chemistry. 

^Includes astronomy, atmospheric, earth and ocean sciences. 

Note: Data may not add to 100% because defunct and unknown institutions are omitted. 

SCXJRCE: National Research Council and Lois Peters, unpublished tabulations. 
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Appendix table 2-16. Type of baccalaureate Institution of 15>'83-85 S/E doctorate recipients, by gender and race of 

recipients 



Type of baccalaureate institution' 





All 

institutions 


1 
1 


II 


III 
III 


IV 

1 V 


V 


Unclassified 

^ iinknnwn 

U( UlliMIUWII 


Non-U.S. 
institutions 


All doctorates: 
















2.418 




41.249 


12,651 


11,287 


8.898 


4.857 


690 


448 




1 UU 


O 1 


07 


00 

C.C. 


1 0 


2 


1 


6 


Men: 
















1,875 




29,267 


9.153 


8.160 


6.270 


2,875 


610 


323 




1 00 


ol 




c. 1 


in 


2 


1 


6 


Women: 
















543 




11,982 


3,498 


3,127 


2,627 


1,982 


80 


125 




1 00 






00 

C.C. 


17 


\ 


\ 


5 


Native American: 
















1 




99 


20 


39 


24 


8 


5 


2 




100 


20 


39 


24 


8 


5 


2 


1 


Asian: 
















1,330 




2,331 


525 


205 


130 


99 


13 


29 




100 


23 


9 


6 


4 


1 


1 


57 


Black: 














8 


48 




972 


196 


190 


358 


162 


10 




100 


20 


20 


37 


17 


1 


1 


5 


Hispanic: 














25 


87 




831 


182 


158 


309 


59 


11 




100 


22 


19 


37 


7 


1 


3 


10 


White: 
















888 




35,885 


11,352 


10,429 


7,872 


4,397 


628 


319 




100 


32 


29 


22 


12 


2 


1 


2 


Other & unknown 














85 


64 




1,131 


376 


266 


205 


132 


23 




100 


33 


24 


18 


12 


2 


6 


6 



'Modified Carnegie Commission classification. See notes on appendix table 2-17 

SOURCE: National Science Koundation. Division of Science Resources Studies. Sacca/aureafe Ong*ns o/ Sc/ence anc/ Engmeenng Doctorate Reapients 
(forthcoming) 
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Appendix table 2-17. Baccalaureate origins: producers of ba ccalaureates receiving 1984 doctorates 

Top 30 producers relative to total class of 1974 baccalaureates 



Top 30 producers in absolute numbers 



Institution* 



Universay of California-Berkeley . . . 

University of Michigan , . 

University of Illinois . . 

University of Cal»fornia-Los Angeles . . 

University of Wisconsin . , 

Pfennsylvania State University 

Cornell University . . .... 

Ohk> State University . 

Michigan State University 
Massachusetts Institute of Technology 

University of Texas -Austin 

University of Maryland 

University of Minnesota 

University of Washington ... . 

Rutgers. The State University 

Harvard University 

Stanford University . . . ... . . 

Indiana University 

SUNY-Buffalo 

University of Pennsylvania ...... 

CUNY-Brooklyn 

Purdue University 

University of Massachusetts ..... . 

Brigham Young University 

University of Missouri , 

University of California -Santa Barbara . 

Princeton University 

University of Colorado 

University of Florida 

VSie University . , 





Institutional 




type^ 


364 


1. Public 


307 


1. Public 


267 


1. Public 


253 


1. Public 


242 


1. Public 


224 


1. Public 


217 


1. Private 


207 


1. Public 


202 


1. Public 


200 


1. Private 


197 


1. Public 


192 


1. Public 


189 


1, Public 


168 


1. Public 


166 


H. Public 


157 


1. Private 


156 


1. Private 


149 


II, Public 


145 


H, »ublic 


144 


1. Private 


140 


III. Public 


138 


1. Public 


135 


H. Public 


132 


II. Private 


132 


1, Public 


130 


n. Public 


127 


1. Private 


125 


1, Public 


125 


1. Public 


124 


1. Private 



Institution' 

California Institute of Technology 
Harvey Mudd College'CA . . 

Reed College/OR 

University of Chicage/ll 

Swarthmore College/PA , 

Massachusetts Institute of Technology , 

Haverford Co!Iege/PA , _ . 

Oberlin College/OH „ , . _ _ _ 

Kalamazoo College/Ml 

Harvard University/MA 

Carleton College/MN . 

Brandeis University/MA 

Princeton University/NJ 

Cornell University/NY 

Pomona College/CA 

Barnard College/NY 

Bryn Mawr College/PA ............ 

Wellesley College/MA , 

St Mary^ Seminary & University/MD . 

Wesleyan University/CT . . 

New College/Fl ................. 

Amherst College/MA ..... ........ 

Brown University/RI . 

Rice University/TX 

Point Loma College/CA , . , 

V&le University/CT . . . . . 

Williams Coilege/MA ...... ...... 

University of Rochester/NY 

Grinnell College/IA . 

New England Conserv Mustc/MA 



* Population limited to institutions granting 50 or more baccalaureate degrees in 1974. 
^ Carnegie classification- I - Research Institutions. II - Other Doctorate Institutions, III 
Specialized Institutions 

SCXJRCE: National Research Council Doctorate Rectpents from U.S. Uriiversities. Summary Report 1984, p 18 



Number of 


Institutional 


baccalaureates 


type? 


71/195 


1. rilvcHc 


21/71 


IV. niiVcHc 


43^205 


IV/ OriMfiia 
IV, rilVdlc 


87/446 


1. rilValc 


53/280 


IV, rilValc 




1 Drnfoto 
1. rilValc 


'27n62 


IV/ Priv^tP 


9h/623 


IV/ Priv/siA 
IV, rilValc 


32/2 1 8 


IV/ OriMfita 
IV, rilVdlc 


157/1 122 


1 Pr It «0 fa 
li rilVdlc 


46^333 


IV, Private 


73'531 


II, Private 


127/936 


1. Private 


217/1616 


1. Private 


44/331 


IV. Private 


66/497 


IV. Private 


28'211 


IV, Private 


60/467 


IV, Private 


6^51 


IV. Private 


46/392 


IV, Private 


17/147 


IV. Private 


35'309 


IV. Private 


111/1012 


II. Private 


68^650 


II, Private 


13/126 


III, Private 


124/1237 


1, Private 


37/372 


IV Private 


116/1171 


1. Private 


30303 


IV. Private 


552 


V. Private 



Comprehensive Inslitutions, IV - Liberal Arts Colleges. V - Other 
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Appendix table 2-18. Leading baccalaureate sources of 1984 S/E Ph.D.'s, by 
productivity and by institutional type 

Ratio of 1984 Ph.D/s to 

Institution* 1974*' baccalaureates Type* 

Physical sciences: 

Harvoy Mudd College/CA 20/71 IV. Private 

California Institute of Technology 41/195 I, Private 

Massachusetts Institute of Technology 76M065 I, Private 

Swarthmore College/PA 16/280 IV Private 

Reed College/OR 10/205 IV Private 

Carleton College/MN 13/333 IV Private 

University of Chicago/IL 15/446 I, Private 

Washington College/MD 5/1 49 IV Private 

University of California-San Diego 32/991 I, Private 

Colorado School of Mines 8/255 V Public 

Engineering: 

California Institute of Technology 23/195 I. Private 

Massachusetts Institute of Technology 63/1065 I, Private 

Stevens Institute/NJ 8/256 V Private 

Harvey Mudd College/CA 2/71 IV Private 

Rensselaer Polytechnic Institute/NY 21/805 II, Private 

Cornell University/NY 31/1616 I, Private 

Carnegie-Mellon University/PA 12/648 II, Private 

Worcester Polytechnic Institute/MA 7/392 V Private 

Clarkson College of Technology/NY 10/572 V Private 

Rice University/TX 1 1/650 II. Private 

Life sciences: 

Reed College/OR 12/205 IV Private 

University of Chicago/IL 22/446 I. Private 

Cornell University/NY 73/1616 I. Private 

Kalamazoo College/Ml 8/218 IV Private 

California Institute of Technology 7/195 I. Private 

Thomas Jefferson University/PA 2/58 V Private 

Brandeis University/MA 18/531 II, Private 

Harvard University/MA « 37/1 1 22 I. Private 

Massachusetts Institute of Technology 34/1065 I, Private 

St. Johns College/MD 2/63 IV Private 

Social sciences: 

St. Mary's Seminary and University/MD 4/51 IV Private 

University of Chicago/IL 29/446 I. Private 

Swarthmore College/PA 16/280 IV Private 

Brandeis University/MA 27/531 II, Private 

Barnard College-Columbia Univ/NY 25/497 IV Private 

Reed College/OR 10/205 IV Private 

New College/FL 7/147 IV Private 

Sarah Lawrence College/NY 10/219 IV Private 

Oberlin College/OH 28/623 IV Private 

Bryn Mawr Colle ge/PA 9^2ri IV Private 

' Named institutions refer to mam campuses, unless otherwise noted. Some institution names have changed 
Since 1974. Clarkson College of Technology is Clarkson Univeisity, New College has affiliated w»th the University 
of South Fforida and is a public Other Doctorate-Granting Institutions. 

' "Productivity" of 1 984 Ph D.s m each field from schools that graduated 50 or more students in any category in 
1974 

*See appendix table 2-17 for type classification, 

SOURCE. National Research Council, Doctorate Recipients from U.S. Umverstttes, Summary Report 1984, 
p. 45 
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Appendix table 2-19, Academic^ doctoral scientists and engineers, by age and field: 1977, 1981, 1983, and 1985 



Fields 



Age (years) 



Years 



Number 



Under 30 



30-39 



40-49 



50-59 



60 i 



Total scientists and engineers 



Total scientists 



Physical scientists 



Mathematical scientists 



Computer specialists 



Environmental scientists 



Life scientists . 



Psychologists 



Social scientists 



Total engineers 











— Percent 






1977 


157.088 


3.4 


41.1 


29.6 


1 Q n 




1981 


179.224 


2.5 


35.5 


32.2 


on 7 


Q 1 

y.i 


1983 


187.554 


1.8 


31.4 


34.8 


PI R 


1 n 

1 U.J 


1985 


202.019 


1.6 


30.3 


35.7 


21.0 


11.3 


1977 


141.373 


3.5 


41.6 


CO. 9 


1 p p 

1 0.0 


7 1 
/.I 


1981 


161.247 


2.6 


36.4 


31.6 


pn 1 




1983 


167.305 


1.8 


32.0 


34.4 


PI '\ 


in A 


1985 


180,505 


1.5 


30.7 


36.0 


20.4 


11.3 


1977 


25.556 


4.2 


41.4 


30.7 




R Q 


1981 


26,786 


3.4 


30.5 


34.5 


pn R 


1 1 n 


1983 


26,453 


2.5 


24.4 


38.8 


pp fi 
ceo 


1 1 p 
1 1 .0 


1985 


28,206 


2.2 


25.3 


37.2 


22.7 


12.6 


1977 


11,781 


4.5 


48.6 


27.9 


1*^ p 


7 


1981 


12.274 


3.1 


35.0 


38.3 


1 R R 




1983 


12.770 


2.2 


28.2 


42.3 


1Q 1 


P 0 
O.c 


1985 


13.027 


2.8 


25.4 


40.1 


22.2 


9 5 


1977 


2.118 


4.6 


52.2 


27.9 


13.4 


1 ^ 


1981 


2,954 


3.0 


45.4 


31.6 




A t 


1983 


3,905 


2.1 


45.8 




1*? 1 


D.y 


1985 


5.124 


1.9 


38.8 


40.3 


12.9 


6.0 


1977 


6,120 


1.5 


43.1 


31,4 


1P 
1 o.o 


O.D 


1981 


6,613 


3.1 


33.3 


37.7 


1 7 P 


p 1 
0.1 


1983 


6.519 


1.8 


35.3 


31.6 


P1 p 


1 n 1 


1985 


7,097 


1.3 


30.6 


34.6 


23.1 


10.2 


1977 


45.643 


3.5 


41.7 


27.8 


1Q R 


7 


1981 


54,437 


2.9 


39.5 


29.5 


1Q 7 


P A 


1983 


w/.315 


1.9 


34.9 


32.8 


PO 7 


Q R 


1985 


61.788 


1.4 


34.0 


34.5 


19.9 


10.2 


1977 


16.572 


5.1 


41.9 


28.0 


19.3 


5.7 


1981 


19,034 


2.9 


41.6 


27.9 


20.1 


7.4 


1983 


19.377 


1.5 


37.8 


30.5 


21.6 


8.4 


1985 


21,493 


1.5 


36.6 


31.6 


19.7 


10.5 


1977 


33,583 


2.2 


38.1 


29.b 


21.2 


8.9 


1981 


39,149 


1.3 


33.8 


31.2 


22.2 


11.5 


1983 


40.966 


1.1 


29.5 


34.1 


22.5 


12.7 


1985 


43,770 


0.9 


27.2 


38.1 


20.1 


13.7 


1977 


15,715 


1^ 


36.2 


36.0 


21.1 


4.9 


1981 


17.977 


1.2 


27.4 


37.8 


25.9 


7.8 


1983 


20,249 


2.1 


26.1 


38.2 


24.0 


9.7 


1985 


21.514 


2.2 


27.6 


33.1 


25.2 


11.9 



* Includes individuals employed In four- year colleges and universities only 

SOURCE- National Science Foundation, Charactenstics of Doctoral ScienUsts and Bngineers m the United States, 
See figure 2'6. 
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Appendix table 2-20. Academic doctoral scientists and engineers, by primary work activity and field: 1981, 1983, 

and 1985 



Research and development 



Fields 


Total 


Total 


Basic 
Research 


Applied 
Research 


Development 


Management 
of R&D 


Teaching 


Consulting 


Other 












1981 










Total scientists and engineers . 


179.224 


56.813 


37.746 


13.689 


1,015 


4.363 


99.247 


772 


22.392 




161.247 


51.774 


36.167 


11.344 


823 


3.440 


88,787 


562 


20,124 








7 795 


1.650 


259 


828 


14.1 18 


53 


2.083 




19 97/1 


9 om 


1 631 


319 


21 


44 


9.152 


3 


1.077 




2,954 


901 


389 


181 


253 


78 


1.469 


63 


521 


Environmental scientists .... 


6.613 


2.754 


1,660 


642 


76 


376 


3.436 


0 


423 




54.437 


27.002 


20.156 


5.509 


123 


1,214 


20.400 


151 


6.884 




19,034 


3.519 


2,095 


1.116 


26 


282 


11.620 


119 


3,776 


Social scientists » , . . . 


39,t49 


5.051 


2.441 


1.927 


65 


618 


28.592 


146 


5.360 




17.977 


5.039 


1.579 


2.345 


192 


923 


10.460 


210 


2.268 












1983 










Total scientists and engineers . 


187.554 


57.557 


39.443 


13.584 


1.509 


3.021 


100.452 


684 


28.861 




1 67 30*5 


51,667 


37.210 


11,138 


970 


2.349 


89.233 


618 


25,787 






10 00 A 


7.510 


1.551 


273 


890 


13,044 


30 


3.182 




1 0 770 


9 10P 


1 659 


348 


44 


57 


9.214 


79 


1.369 


V^UIIipuici opctfiaiiolo .... > . 


3.905 


1,071 


488 


211 


311 


61 


2.117 


33 


684 


Environmental scientists . . . . 


6,519 


2.572 


1.755 


564 


0 


253 


3.250 


13 


684 




57.315 


27.282 


21.078 


5.223 


225 


756 


20,805 


311 


8.917 




19.377 


3.217 


2.040 


1,040 


24 


113 


1 1 .478 


121 


4.561 




40.966 


5.193 


2.680 


2.201 


93 


219 


29.325 


58 


6.390 




20.249 


5.890 


2.233 


2.446 


539 


672 


11.219 


66 


3.074 












1985 










Total scientists and engineers . 


202.019 


64.487 


43.579 


15.653 


1.318 


3.9C7 


103.652 


1.204 


32.676 




180.505 


58.246 


41.194 


13,269 


914 


2.869 


91.761 


1.064 


29.434 




28,206 


11.570 


8,703 


1.745 


247 


875 


13.545 


14 


c;.077 




13.027 


2.469 


2.089 


304 


3 


73 


8,904 


119 


1.535 




5.124 


1.481 


744 


337 


311 


89 


2.629 


68 


946 


Environmental scientists — 


7.097 


3.051 


1.940 


721 


40 


350 


3.231 


23 


792 




61.788 


30.113 


22,749 


6.104 


252 


1.008 


20.676 


342 


10.657 




21,493 


3.651 


2.074 


1.447 


35 


125 


11.953 


325 


5.534 




43.770 


5.881 


2.895 


2.611 


26 


349 


30.823 


173 


6.893 




21,514 


6.241 


2.385 


2.384 


404 


1.068 


11.891 


140 


3.242 



SOURCE. National Science Foundation, Characteristics ot DuUurai Suuntists ana Etiyitmws tii ttiM Urntea State:* Deidtled Statti>tt<.al Tabie:> (bienntal ser/es) 
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Appendix table 2-21. Academic doctoral scientists and engineers who teach, by field and rank: 1981, 1983, and 1985 



Associate Assistant No 
l!!Ir Total Prolessor Professor Professor Instructor Othe r report 

1981 



Total scientists and engineers 130.597 57.295 38.257 28 714 1 237 4133 326 

Total scientists.. 117.417 50.089 34.577 26774 1.237 3 831 326 

Physical scenlisls 18.423 9.938 4.745 2.701 134 686 61 

Mathematical scientists 10.804 4.924 3 377 2 125 160 177 ?<; 

Computer specialists I.950 579 717 549 30 

Environmental scientists 4.410 1.972 1319 1 034 6 79 0 

SSclc ^^-'^^ '^^'^ 8:i40 535 1.528 89 

l^-aOS 5.779 4.346 3.876 101 584 100 

Social scientists 33.029 13.619 9.825 8.349 271 723 51 

Total engineers 13.180 7.206 3.680 1.940 0 302 0 

1983 

Total scientists and engineers 135.990 62.358 40.789 26.529 745 7l7i ilis" 

Total scienlisis 12i.088 54.311 36.557 24.267 743 3918 1 292 

Physical scientists 17.656 10.546 4.074 2.281 102 521 'l32 

Mathematical scientists 11.289 5.295 3.523 2 148 115 132 76 

Computer specialists 2.559 842 898 688 5 117 9 

Environmental scientists 4.505 2.073 1.291 957 4 129 51 

^"^ff"'if aS-'llS 14.911 10.693 7.497 258 1.669 387 

P^y!^';"'"?'^^ 1''.956 6.157 4.822 3.195 110 429 243 

Social scientists 34.708 14.487 11.256 7.501 149 921 394 

Total engineers 14.902 8.047 4.232 2.262 2 253 106 

1985 

Total scientists and enginee.s 143.360 64jro 41.265 29.110 MSS elso 879~ 

Total scientists.. 127.583 56.228 37.181 25.965 ^451 6.005 753 

Physical scientists 18.749 10.677 4.IOO 2 669 229 947 127 

Mathematical scientists 11.567 5.702 3.136 2 292 142 230 65 

Computer specialists 3.619 1.009 1.276 1.039 46 247 2 

Environmental scientists 4.550 2.251 1.227 915 26 117 14 

Life scientists 35.956 14.683 ii.038 7.437 423 2 197 178 

Psychologists 16.029 6.649 4.826 3.328 252 822 152 

Social scientists 37.113 15.257 11.578 8.285 333 1 445 215 

Total engineers 15.777 7.875 4.084 3.14 5 2 545 126 

SOURCE- Nal.onal Sconce Foundafon, CharactcnsVcs of Doctoral Sacntists and Eng,noors m the Uwtoa State:.. Detatled Statistical Tables (b,onn,al sor.os) 
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Appendix table 2-22. Full-time S/E graduate students in doctorate-granting institutions, by gender, support, and field: 1986 



Physical Environmental Mathematical Computer Life Social 

Engineering sciences sciences sciences sciences sciences Psychology s ciences 





Male 


Female 


Male 


Female 


Male 


Female 


Male 


Female 


Male 


Female 


Male 


Female 


Male 


Female 


Mate 


Female 




52.760 


7.165 


21.539 


5.535 


8.091 


2.818 


8.599 


3.168 


10.610 


2.894 


34.680 


32.525 


8.890 


13,117 


26.627 


20.962 
































1.769 


; 476 




,, n.043 


1.322 


7.714 


1.720 


2.277 


738 


808 


184 


1.588 


230 


9.187 


9.418 


792 


1.101 


000 


, 3.783 


310 


966 


176 


383 


/U 




bo 


oUo 


lib 


^b4 


lb/ 


/O 


CO 


1 0.1 




HHS 


448 


142 


1.442 


550 


;8 


20 


13 


11 


40 


5 


5.669 


6,774 


376 


568 


153 


390 




366 


118 


1.310 


517 


13 


11 


n 


8 


39 


4 


5.115 


3,746 


237 


348 


86 


191 


Other HHS 


82 


24 


132 


33 


5 


9 


2 


3 


1 


1 


554 


3.028 


139 


220 


67 


199 




2.744 


367 


3.063 


598 


1.010 


340 


289 


68 


452 


75 


716 


483 


96 


135 


228 


140 


Other federal ........ 


. 4.068 


503 


2.243 


396 


8C6 


308 


143 


39 


198 


34 


2.538 


1.994 


247 


339 


1.264 


920 


Institutional support . . 


. 17.440 


2.537 


10.917 


3.101 


2.972 


1.194 


5.911 


2.271 


3.368 


947 


14,575 


11.696 


3,944 


5.978 


11.950 


8,678 


Other outside support 


. 9.131 


1.068 


1.518 


389 


995 


232 


484 


103 


1.160 


264 


4.195 


2.227 


573 


754 


2.482 


1.143 


Other U.S ........ . 


7,127 


957 


1.234 


332 


716 


197 


197 


48 


926 


225 


2.389 


1.716 


539 


727 


1J13 


790 




2.004 


111 


284 


57 


279 


35 


287 


55 


234 


39 


1.806 


511 


34 


27 


1.369 


353 




. 15.146 


2.238 


1.390 


325 


1.847 


654 


1.396 


610 


4.494 


1.453 


6.723 


9.184 


3,581 


5.284 


10,426 


9.665 



Percent 



Enrollment 


88.0 


12.0 


79.6 


20 4 


74,2 


25.8 


73.1 


26.9 


78.6 


21.4 


51.6 


48<4 


40.4 


59.6 


56.0 


44.0 


Support; 






























54.5 


45.5 


Federal ............. 


89.3 


10.7 


81.8 


18.2 


75.5 


24.5 


81.5 


18.5 


87.3 


12.7 


49.4 


50.6 


41.8 


58.2 




9P.4 


7.6 


84.6 


15,4 


84,5 


15.5 


84.6 


15.4 


88.6 


11.4 


61.3 


387 


55.3 


447 


827 


17.3 




75.9 


24.1 


72.4 


27.6 


47.4 


52.6 


54.2 


45.8 


88.9 


11.1 


45.6 


54.4 


39.8 


60.2 


28,2 


71.8 


NIH 


75.6 


24.4 


71.7 


28.3 


54.2 


45.8 


57.9 


42.1 


90.7 


9.3 


57.7 


42.3 


40,5 


59.5 


31.0 


69.0 


Other HHS ......... 


77.4 


22.6 


80.0 


20.0 


35.7 


64.3 


40.0 


60,0 


50.0 


50.0 


15.5 


84.5 


38.7 


61.3 


25.2 


74.8 


NSF ................. 


88.2 


11.8 


83.7 


16.3 


74.8 


2:5.2 


81.0 


19.0 


85.8 


14.2 


59.7 


40 3 


41.6 


58.4 


62.0 


38.0 




89.0 


11.0 


85.0 


15.0 


73.8 


26.2 


78.6 


21.4 


85.3 


14.7 


56.0 


44.0 


42.2 


57.8 


57.9 


42.1 


Institutional support . > . 


87.3 


12.7 


77.9 


22.1 


71.3 


28.7 


72.2 


27,8 


78.1 


21.9 


55.5 


44.5 


39.8 


60.2 


57.9 


42.1 


Other outside support . 


895 


10.5 


79.6 


20.4 


81.1 


18.9 


82.5 


17.5 


81,5 


18.5 


65.3 


34.7 


43.2 


56.8 


68.5 


31.5 


Other U.S . . . . . . . , . 


88.2 


11.8 


78.8 


21.2 


78.4 


21>6 


80.4 


19.6 


80.5 


19.5 


58,2 


41.8 


42.6 


57.4 


f-8.5 


41.5 




94.8 


5.2 


83.3 


16.7 


88.9 


11.1 


83.9 


16.1 


85.7 


14.3 


77.9 


22.1 


557 


44.3 


79.5 


20.5 


Sell'Support .......... 


87.1 


12.9 


81.0 


19.0 


73.9 


26.1 


69.6 


30.4 


75.6 


24.4 


42.3 


57.7 


40.4 


59.6 


51,9 


48.1 



SOURCE. National Science Foundation. Academic Science Engineering Gradunto EnroHmont and Suppoft Fan 1086 (forlhcomiogj 
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Appendix table 3-1. Employment status of scientists and engineers, 
by field and gender: 1976, 1980, 1986 



Field and gender 



Total, all S/E fields 

Men 

Women 



Total scientists 

Men 

Women . . . 



Physical scientists 

Men 

Women 



Mathematical scientists 

Men 

Women 



Computer specialists 

Men 

Women 



Environmental scientists 

Men 

Women 



Life scientists 

Men 

Women . . . , 



Psychoiogists 

Men 

Women 



Social scientists 

Men 

Women 



Total engineers 

Men 

Women . . . 



Aeronautical^astronautical , 

Men 

Women 



Chemical 
Men 

V»ome^ . 

Civil 
Men . , , 
Womer . 



Electrical/electronics 

Men . . 

Women 



Mechanical 

Men 

Women . . 



Other engineers 

Men 

Women 





Total Employed 






Employed in S€ 




1976 


1980 


^986 


1976 


^980 


1986 


2,331.200 
2,131.600 
199.700 


2,860,400 
2,544,800 
315,600 


4,626.500 
3,927,800 
698.600 


2.122,100 
1,947,200 
174,900 


2,542,700 
2,269,900 
272,800 


3.919.900 
3,393.700 
526,700 


959,500 
781.300 
178.200 


1.184,500 
918,000 
266,500 


2,186,300 
1,586,700 
599,600 


843.800 
689,100 
154,700 


1,032,800 
806,200 
226,600 


1.676,400 
1,242,800 
433,600 


188.900 
172,700 
16,200 


215,200 
194,500 
20,800 


238,400 
250,100 
38,300 


154,900 
143,600 
11,300 


166,300 
15" ,00 
14.500 


264,900 
229,500 
35,400 


48,600 
37,100 
11,500 


64,300 
46,400 
13,000 


131,000 
97,100 
33,900 


43,800 
33,700 
10,000 


57,300 
42,100 
15,200 


103,900 
78,900 
25,000 


119,000 
98,400 
20,600 


207,800 
149,900 
57,900 


562,600 
400,000 
162,500 


116,000 
95,100 
20,900 


196,700 
147,600 
49,100 


437,200 
308,700 
128,400 


54,800 
50,900 
3,900 


77,600 
66,800 
10,700 


111,300 
98,400 
12,900 


46,600 
44,000 
2,600 


63,100 
54,700 
8,400 


97,300 
87,200 
10,100 


213,500 
179,600 
33,900 


287,500 
234,400 
53,100 


411,800 
309,000 
102,800 


198,200 
167,700 
30,500 


267,300 
218,400 
48,900 


340,500 
257,100 
83,300 


112,500 
76,900 
35,600 


128,100 
79,400 
48,700 


253,500 
138,400 
115,200 


103,700 
71,600 
32,000 


112,500 
70,400 
42,100 


172,800 
99,500 
73,300 


222,300 
165,700 
56,600 


204,000 
146,700 
57,200 


427,800 
293,800 
134,000 


180,500 
133,200 
47,300 


169,700 
121,300 
48,300 


259,000 
181,800 
78,000 


1,371,700 
1,350,300 
21,400 


1,675,900 
1,626,700 
49,200 


2,440,100 
2,341,100 
99,000 


1,278,300 
1,258,100 
20,200 


1,509,900 
1,463,600 
46,200 


2,243,500 
2,150,900 
92,600 


56,800 
56,400 
400 


69,500 
68,300 
1,200 


110,500 
106,200 
4,300 


55,700 
55,100 
600 


65,000 
63,700 
1,300 


104,200 
100,300 
3,900 


77,500 
75,000 
2,500 


94,500 
90,000 
4,500 


149,000 
137,800 
11,200 


76,400 
73,700 
2,800 


89,000 
84,500 
4,500 


131,500 
121,200 
10,300 


188,200 
182,800 
5.400 


232,100 
226,300 
5,800 


346,300 
333,400 
12,900 


182,800 
178,100 
4,800 


217,000 
211,500 
5,500 


319,100 
307,200 
11.900 


283,000 
28-; ,400 
1,600 


383,100 
357,400 
7,600 


574,500 
555,500 
18,900 


267,900 
266,500 
1,400 


357,400 
350,200 
7,200 


540,800 
523,200 
17,600 


276,200 
273,900 
2,300 


322,60C 
316,000 
6,600 


492,600 
478,600 
14,000 


272,800 
270,600 
2.200 


308,800 
302,000 
6,800 


453.700 
440,100 
13,600 


490,000 
480,900 
9,100 


574,100 
550,600 
23,500 


767,300 
729,600 
37,700 


422,700 
41^.200 
8,500 


472,600 
451,600 
21,000 


694,200 
658,900 
35,300 



Note: Detail may not add to total because of rounding. 

SOURCE: National Science Foundation, U.S. Scientist and Engineers: 1986 (forthcoming) 
See figures O-IO, 0-11, 0-12, 0-13 fn Overview and figures 3-1 and 3-18 
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Appe;"»dix table 3-2. Scientists and engineers as a 
percent of total U.S. workforce: 1976-86 



Year (Percent) 



1976 2.4 

1978 2.5 

1980 2.6 

1982 2.9 

1984 3.3 

1986 3.6 



SOURCES: National Science Foundation. U,S. Scientists and Engineers: 
1986 (forthcoming) Economic Report oi the President, 1987, p 282 
See figure 3-1. Science & Engineering lndic<Uors— 1987 



Appendix table 3-3. Average annual percent increases in employment in 
science and engineering, and otiier economic variables: 1976-86 

1976-80 1980-86 1976-86 
Percent 

Scientists and engineers . . . 

Scientists 

Engineers 

U.S. employment 

Reap gross national product 

* Gross national product measured in constant dollars, using the GNP deflator. 

SOURCES: National Science Foundation. U.S. Scientists and Engineers. 1986 (forthcoming): Economic 
Report of the President. 1987, pp. 246. 282 

See figure 0-9 \n Overview. Science & Engineering Indicators— 1987 
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4.3 
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Appendix table 3-4. Scientists and engineers, by field and primary work activity: 1976, 1986 



Primary work aclivily 

Management of Management— 
Research Developme nt r&d other than R&D 

1 976 1 986 1 976 1 986 1 976 1 986^ 1 976 1986 1976 1986 

Total, all S/E fields 2.122.100 3.919.900 209,000 376.000 430.200 846.900 212.700 371.700 386.600 628.400 

TDlal scientists 843.700 1.676.400 159.100 277.400 61.400 166.100 83,700 144.400 105.100 209.600 

Physical scientists . 154.900 264.900 48,900 68.900 21.300 43.600 26,800 4^300 13^400 19.300 

Mathematical scientists . 43,800 103.900 6.000 11,600 2.400 5.600 6,500 13^800 5*900 9 400 

Computer specialists 116.000 437.200 1,800 13.800 25.400 87.300 8^400 27!200 15^600 35^500 
Environmental 

scie'Mists . 46.600 97.300 17.100 28.900 3.400 6.200 5.900 7.300 6.000 11.300 

Ufe scientists . . 198.200 340.500 55.600 108.100 6.700 14,600 18.400 28.700 38 400 51 900 

Psychologists 103.700 172.800 6.700 15.300 1.200 2.300 4.200 7.100 12.300 25500 

Social scientists ... . 180.500 269,800 23.000 30.800 1.000 6,400 13.500 17,900 13.500 56^900 

Total engineers 1.278.300 2.243.500 49.800 98.700 368,900 680,800 128.900 227.300 256.500 418.700 
Aeronautical^ 

astronautical 55.700 104.200 5.500 9.600 20.100 39.700 13,800 20,600 4,900 9.400 

Chenfiical 76,400 131.500 4.400 8.200 24.600 42.500 8,600 18,400 19300 24*400 

C'vf 182.800 319.100 2,900 7.300 30.000 43,700 6,000 10.300 57^400 103^400 

Electncal/electronics 267.900 540,800 11.800 27.300 101.400 209.700 38.300 76.900 40.100 74,600 

Mechanical . 272,800 453.700 8.400 16,800 106.700 187.300 28.700 48.500 56.300 79*800 

Other engineers .... 422,700 694.200 16.800 29,500 86.100 157.900 33,500 52.600 78!500 127.100 

Note: Detail may not add to total because of rounding, 

SOURCE: National Sconce FoundAlion, U.S. Scientists and Engineers: 1986 (forthcoming) 
See figure 3-2. 



Teaching 



Production 
inspection 



Statistical work/ 
computing 



1976 



1986 



1976 



1986 



1976 



1986 



152.200 336.600 223.200 512.800 101.100 384,500 



131.500 
16.200 
15,800 
3,500 

2.400 
28.100 
20.900 
44.600 



283.400 
44.200 
43.200 
16.300 

8.200 
58.700 
38.200 
74.600 



29.000 
1,600 
1.200 
3.700 

2,600 
14.000 
1.800 
4.100 



114,300 
29.600 
2.600 
15.400 

20.600 
35.600 
2,600 
7.900 



66.600 
3,100 
3.900 

38,200 

2.000 
3.200 
1.100 
15.100 



275.500 
6,500 
14,300 
206.000 

6.300 
9.100 
2,800 
30.500 



20.700 53.100 179.800 398.500 34.600 108.900 



1.000 2.400 4,400 10.800 



500 
2.200 
4,400 
5.300 
7,300 



2.800 
6.000 

12,700 
8,900 

20,300 



9.900 
37,500 
27,400 
29.700 



20,500 
69.500 
81.100 
67.-200 



70,900 149.400 



1.800 
1,300 
5.800 
6.300 
3,100 
16.300 



5.700 
4.700 
14.000 
22,700 
11.800 
50.000 
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Appendix table 3-5. Scient ists and engineers, by field and type of employer: 1976, 1986 

Type of employer 



Total Business/Industry 

Field 1976 1986 1976 1986 

Total, all S/E fields 2,122,100 3.919,900 1,312,500 2,589,300 

Total scientists 843,700 1.676.400 357.900 797.900 

Physical scientists 1 54,900 264.900 86,800 1 46.700 

Mathematical scientists 43.800 103,900 12.100 35.600 

Computer specialists 116.000 437.200 85,800 341.300 

Environmental scientists 46.600 97.300 25.800 55.500 

Life scientists 198.200 340.500 64,100 102,800 

Psychologists 1 03.700 1 72.800 21 .000 39.700 

Social scientists 180.500 269,800 62,300 76,200 

Total engineers 1.278.300 2,243.500 954.600 1.791,400 

Aeronautical/astronautical 55.700 1 04,200 39.900 77,400 

Chemical 76.400 131.500 68,400 114.200 

Qjyjl 182,800 319,100 85,100 195.700 

Electrical/electronics" 267,900 540,800 21 0.600 439.800 

Mechanical 272.800 453,700 227.900 394.500 

Other engineer s 422,700 694.200 322.700 5C9.80Q 

SOUFCE: National Science Foundation, U.S. Scientists and Engineers: 1986 (forihcomtng) 
See figures 3-3, 3-4. 3-6, 3-7, and 3-11. 



Educational 
Institutions 



1976 



230.200 
30,600 
19,500 
6.000 
5.000 
59,600 
41,700 
67,800 

37,700 
1,800 
900 
5,300 

10.400 
8.500 

10.800 



1986 



267,800 572,700 



481.800 
68.700 
52.800 
32.500 
16,500 

136.600 
72.800 

102,000 

90,900 
3,600 
5,400 
8.800 
24,600 
17,000 
31,500 



Federal 
Government 



1976 


1986 


211,100 


334,200 


105,200 


153,500 


20,500 


28,600 


9,300 


10.700 


8.700 


32,100 


9.300 


16.800 


37.300 


40,200 


5.000 


5.400 


15.100 


19,700 


105,900 


180.700 


11,100 


17,500 


2.600 


6,600 


21.500 


31,600 


27.600 


52,700 


15.300 


28,700 


27,800 


43.600 
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Appendix table 3>6. Employed doctoral scientists and engineers, by field, gend er, and typo of employer: 1973, 1985 

Type of employer 



F.eld and gender 



Total, all S€ fields 
Men «.... 
Women . 

Total scientists 
Men .... . 
Women ... 

Physical scientists 

Men 

Women .. 

Mathematical scientists 
Men .... ... 

Women 

Computer specialists . . 

Men 

Women 

Environmental scientists 

Men 

Women 

Life scientists . 

Men 

Women .... 

Psychologists ..... 

Men 

Women ..... . 



Social scientists 

Men 

Women 

Total engineers ... 

Men 

Women 

Aeronautlcal^astronautical 
Men ... . 
Women . . 

Chemical ... . 

Men ... . . ..... 

Women . ............ 



Civil ..... 

Men . ., 

Women .... . , 

Electrical^electronics 

Men 

Women 



Materials . 
Men ... 
Women 



Mechanical . 
Men ... 
Women .. 



Nuclear .... 

Men ..... 

Women 

Systems design , 

Men 

Women 



Other engineers 

Men 

Women ...... 



Total 



Businoss'lndustry 



Educational 
Institutions 



Federal 
Government 



1973 


1985 


1973 


1985 


1973 


1QR<^ 

1 ^oo 




1985 


220 300 


400 400 


CO 400 


1^0. oOO 


129.300 


211.600 


18.200 


26.300 


203.400 


341.900 


52.000 


112.855 


103.300 


1 77.300 


1 7 OOO 


<:o.bOU 


16.900 


58.500 


1.400 


12.945 


12.100 


OA OOO 






1 84 ROO 


^^^^4 *?00 


oO.bOU 


87.900 


116.300 


189.900 


15.500 


22.500 


167.800 


277.500 


34.300 


75.785 


1 04.300 






1 9.900 


16.800 


57.000 


1.300 


12.1 15 


12.100 


OO QOO 


1.000 


2.600 


48.500 


67.500 


iQ 7nn 


Oft OAA 


22.000 


29.700 


4.100 


4.000 


46.600 


62.800 


19.300 


28.600 


20.700 


27 400 




o./UU 


1.90C 


4.700 


300 


1.700 


1.300 


2 300 


100 




12.100 


< O.Ol/U 


yuu 


1.900 


10.500 


13.600 


500 


900 


11.400 


15.200 


800 


1.700 


9.800 


12.400 




OAA 

oUU 


800 


1.60C 


(') 


200 


700 


1.200 


\ } 


1 AA 


2.700 


15 000 


1.000 


Q Al\l\ 

0,4UU 


1.400 


5.300 


100 


700 


2.600 


13.400 


1.000 


7.400 


1.300 


4 800 


1 uu 


7A 1 


100 


1.600 


(') 


1.000 


\ f 


500 


\ } 


( ) 


10.300 


17 900 




5.300 


5.200 


7.200 


2.000 


3.300 


10.100 


16.100 


2.200 


5.000 


5.000 


(6.200) 


1 QOO 


3.100 


300 


1.100 


(') 


300 


200 


13 400 


\ } 


OAA 


56.700 


101 fioo 


7 inn 


19.200 


38,200 


61.800 


5.800 


8.000 


50.600 


81.800 


6.800 


16.600 


33.700 


54.300 


^ 400 


6.900 


6.100 


20.000 


300 


2.600 


4.600 


7.500 


^OO 


1 lOO 


24.800 


52. 1 00 


^ 100 




15.000 


24,500 


1.200 


1.000 


20.000 


35.100 


2.600 


10.400 


12,200 


1 9.400 


I.UUU 


QAA 


4.800 


17.000 


500 


5.100 


2.900 


5.100 


000 


OAA 


29.400 


64.000 


1 700 


7.400 


24.000 


43,800 


1.700 


4.600 


26.500 


52 200 


1.600 


6.200 


21.600 


35 500 


1 ROO 


O QAA 


2.900 


11.800 


100 


1.200 


2.400 


8.300 


100 


"7AA 


35.800 


QOO 


17 800 


o? Qnn 


13.000 


21.700 


2.700 


3.800 


35.600 


64.400 


17.700 


37.100 


13.000 


2t 200 


9 700 


O 7AA 


100 


1.500 


100 


800 


100 


'^oo 


( ) 


100 


1.700 


3.800 


ROO 


^. lUU 


400 


700 


300 


600 


1700 


3.700 


600 


2.000 


400 


701 


oUU 


601 


(') 


100 


(') 


100 




\ ) 


\ ) 


( ) 


4.500 


7 lOO 




5.100 


1.000 


1.800 


100 


200 


4.500 


7.000 


3.200 


5.000 


1.000 


1.80* 


1 <\t\ 


201 


(') 


100 


(') 


100 




\ f 


\ I 


\ } 


3.100 


6.400 


QOO 


2.400 


1.700 


3.400 


200 


300 


3.100 


6.300 


900 


2.401 


1.700 


3.401 


900 


OA1 

oU 1 


(') 


100 


(') 




\ f 


\ ) 


\ } 


( ) 


7.100 


1 4.200 


3.400 


' \ uu 


2.800 


4.700 


500 


800 


7.100 


13.900 


3.400 


O.400 


2.800 


4.600 




OAi 

oUl 


(') 


300 


(') 


200 


\ / 


100 


\ } 


( ) 


4.500 


7.300 




4.0UU 


1 ,200 


1.800 


400 


400 


4.400 


7.100 


2.700 


4.600 


1.200 


1 801 


oUU 


401 


(*) 


200 


(') 


200 


\ f 


\ I 


\ } 


( ) 


3.300 


6.600 


1 aoo 




1.600 


9.000 


200 


300 


3.300 


6.500 


1.400 


3.101 


1.600 


9 OOl 


000 


301 


(') 


100 


(') 




\ f 


\ ) 




( ) 


1.300 


2.400 


700 


1.500 


300 


500 


200 


100 


1.300 


2.401 


700 


1.501 


300 


501 


200 


to* 


(') 


(') 






V) 




(•) 


(•) 


2.000 


3.700 


1.000 


2.500 


600 


800 


200 


100 


1.900 


3.500 


1.000 


2.400 


600 


801 


200 


101 


(') 


200 


V) 


100 


(') 


(') 


(') 


(*) 


8.600 


14.300 


3.900 


7.300 


3.300 


5.000 


800 


1.000 


8.500 


10.800 


3.900 


7.600 


3.300 


4.900 


800 


1.001 


V) 


10.800 


(') 


200 


(') 


100 


(') 


(•) 



' Too few cases to estimate 

SOURCE- national Science Foundation. CharactensVcs of Doctoral Scientists and Engmecis in the Unttcd States. 
See figure 3-5. 
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Appendix table 3-7. Proportion of scientists and engineers employed In 
industry by sector and field: 1977, 1986 



No n manufacturing Manufacturing 



Field 


1977 


1986 


1977 


1986 






Percent 








43.3 


44.9 


56.7 


55.1 


All 0^r^M.f7nf<^ 




RR 


HO. 3 


OO. f 




RP Q 


71 9 


'^1 1 
O 1 . 1 


^o.o 




20.2 


40.7 


79.8 


59.3 


Mathematical scientists 


70.0 


76.6 


30.0 


23.4 




32.8 


45.7 


67.2 


54.3 




95.8 


97.5 


4.2 


2.5 




38.9 


36.8 


61.1 


63.2 




13.5 


9.9 


86.5 


90.1 




28.3 


23.3 


71.7 


76.8 




91.6 


91.0 


8.4 


9.0 




41.6 


34.1 


58.4 


65.9 




13.4 


11.1 


86.6 


88.9 




37.2 


30.0 


62.8 


70.0 




35.7 


40.8 


64.4 


59.2 



SOURCE: National Science Foundatjon, Division of Science Resources Studies, Employment Studies Group 
See figures 3-8 and 3-9. Science & Engineering Indicators— 1987 



Appendix table 3-8. Technicians employed In industry by field and sector: 

1977, 1986 

Non- 
Total manufacturing Manufacturing 

Field 1977 1986 1977 1986 1977 1986 

Thousands 





929.4 


1550.1 


474.5 


954.3 


454.9 


595.8 


Computer Programmers 


144.2 


363.3 


88.7 


277.5 


55.5 


85.8 




236.5 


321.2 


132.3 


191.4 


104.2 


129.8 


Electrical/Electronics engineering . . . 


241.9 


374.5 


135.1 


236.4 


106.8 


138.1 




35.4 


60.1 


4 


17.4 


31.4 


42.7 


Other Engineering 


183 


293.5 


95.3 


184.5 


87.7 


109 




88.4 


137.5 


19.1 


47.1 


69.3 


90.4 



Note: Nonmanufacturing industries include mining, construction, finance, insurance, real estate, services, 
communications and utilities, wholesale trade, and retail trade. 

SOURCE: National Science Foundation, Division of Science Resources Studies, Employment Studies Group 
See figure 3-10, Science & Engineering Indicators— 1987 
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Appendix table 3-9. Percent of recent science and 
engineering (S/E) degree recipients employed in S/E 
jobs by degree and field: 1976, 1986 

Bachelor's Master's 
Field 1976 1986 1976 1986 



Percent 



Total 




63.8 


77.4 


84.3 


Physical Sciences 


58.9 


68.0 


67.5 


85.7 


Mathematics 


45.9 


73.6 


61.5 


89.7 


Computer Sciences 


90.0 


89.2 


85.4 


90.0 


Engineering 


83.4 


89.1 


93.1 


94.6 


Life Sciencfco 


49.7 


56.7 


75.9 


80.6 


Social Sciences 


20.7 


30.5 


66.7 


55.8 



Note: Individuals enrolled full time in graduate school are excluded. Data for 
1976 include 1 974 and 1 975 S/E graduates. Data for 1 986 include 1984 and 
1985 S/E graduates. 

SOURCE: National Science Foundation, Characteristics of Recent Sci- 
ence/Engineering Graduates: 1986 (fortficomfng) 

See figure 3-12. Science & Engineering Indicators— 1987 



Appendix table 3-10. Science and engineering (S/E) degree recipients 
working as computer specialists In 1986, by field and year of degree 

Bachelor's Master^ 



Field 1984 1985 1984 1985 



Total 35,600 41,900 8,000 8,800 

Physical Sciences 700 200 100 100 

Mathematics 3,900 3,600 400 400 

Computer Sciences 24,200 29,800 6,000 6,800 

Engineering 3,700 3,100 1,200 1,'lOO 

Environmental Sciences lOO 100 100 100 

Life Sciences 400 400 (') loO 

Social Sciences i,900 4,000 200 200 

Psychology 600 600 {') 100 



' Too few cases to report. 

Note: Detail may not add to totals due to rounding. 

SOURCE: National Science Foundation. Characteristics of Recer)t Scier)ceiEngmeermg Graduates. 1986 
(forthcoming) 

Sc9 figure 3-13. Science & Engineering Indicators— 1987 
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Appendix table 3-11. Employment status of doctoral scientists and engineers, by field and gender: 1973, 1981, 1985 



Field and gender 

Total, all S/E fields 

Men 

Women 

Total scientists 

Men 

Women 

Physical scientists 

Men 

Women 

Mathematical scientists 

Men 

Women 

Computer specialists 

Men 

Women 

Environmental sciontists 

Men 

Women 

Life scientists 

Men 

Women 

Psychologists 

Men 

Women 

Social scientists 

Men 

Women 

Total engineers 

Men 

Women 

Aeronautical/astronautical 

Men 

Women 

Chemical 

Men 

Women 

Civil 

Men 

Women 

Electrical/electronics 

Men 

Women 

Mechanical 

Men 

Women 

Nuclear 

Men 

Women 

Other engineers 

Men 

Women 





Total employed 






Employed in S/E 




1973 


1981 


1985 


1973 


1981 


1985 






400 400 


208 300 


314,500 


365.500 


203,400 


303,000 


341.900 


192.600 


277,800 


313,000 


16,900 


41,000 


58,500 


15,700 


36,800 


52,500 


1 ft/1 finn 






1 73 800 


261,400 


304,100 


167,800 


246,700 


277,500 


158,300 


225.400 


253,000 


16.800 


40,200 


57.000 


15,500 


36,000 


51,100 


AO cnn 


fi'^ mn 


67,500 


45,100 


57,100 


61,300 


46,500 


59,300 


62,800 


43,400 


53,800 


57,100 


1,900 


3,800 


4,700 


1,700 


3,300 


4.200 


1 ^« 1 




16,800 


1 1 ,800 


14,100 


15,500 


11,400 


14,300 


15,200 


11,100 


12,900 


14.100 


800 


1.300 


1,600 


700 


1,200 


1,400 




Q 1 nn 


15,000 


2,700 


9,000 


14,800 


2,600 


8,400 


13,400 


2,600 


8,300 


13,200 


100 


700 


1,600 


100 


700 


1,600 


1 n '^nn 

1 u,Ouu 


1 R Qnn 


1 7 '^nn 


10,100 


15,300 


16,700 


10,100 


15,100 


16,200 


9,900 


14,500 


15.600 


300 


900 


1,1 Oj 


300 


800 


1,000 




84 900 


101 800 


54,800 


80,700 


96,700 


50,600 


71.600 


82,100 


49,000 


68,300 


78,200 


6,100 


13,300 


19,700 


5,800 


12,500 


18,500 


OA ftnn 


AO ftnn 


52,200 


23,500 


39,400 


48,000 


20,000 


31,100 


35,600 


^'^,000 


28,700 


32,600 


4,800 


11,700 


16,600 


4,500 


10,600 


15,400 






fid nnn 


25.900 


45,800 


51,100 


26.500 


47,000 


52,200 


23,400 


38,900 


42,200 


2,900 


8,600 


11,800 


2,500 


6,900 


8,900 


pfvri 

OU,OLFLF 


57,000 


65 900 


34,400 


53,200 


61,500 


35.600 


56,300 


64.400 


34,300 


52,400 


60.000 


100 


BOO 


1,500 


100 


700 


1,400 


1 , / yjyj 


2 500 


3,800 


1,600 


2,200 


3,600 


1,700 


2,500 


3.700 


1.600 


2,200 


3,500 


V) 


n 


100 


V) 


n 


100 




7 inn 


7,100 


4,200 


6,400 


6,300 


4,50C 


7,100 


7,000 


4,200 


6,300 


6.200 


V) 


100 


100 


V) 


100 


100 


O, 1 uu 


R 1 nn 

D, 1 LFLF 


6 400 


3,000 


5,500 


5,900 


3,100 


6,000 


6,300 


3,000 


5,400 


5.800 


V) 


100 


100 


C) 


100 


100 




1 0,600 


14,200 


6,800 


10,000 


13,500 


7,000 


10,500 


13,900 


6,800 


9.900 


13,200 


C) 


100 


300 




100 


300 


3 300 


5,400 


6,600 


3,100 


5,000 


6,100 


3,300 


5,300 


6!500 


3.100 


4.900 


6,100 


V) 




100 


C) 


V) 


C) 


1,300 


2,100 


2,400 


1,<:UU 




0 900 


1,300 


2,000 


2,300 


1,200 


2,000 


2,200 


V) 


n 


C) 


n 


V) 


D 


15,000 


23.200 


25,300 


14,500 


22.000 


23,900 


14,900 


22,800 


24,500 


14,500 


21.700 


23,100 


100 


400 


600 


100 


400 


800 



* Too few cases to estimate 

SOURCE: National Science Foundation. Charactenstics of Doctoral Scientists and Engineers in the United States (biennial series) 



See figures 3-14. 3-15, 3-16. and 3-19. 
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Appendix fable 3-12. Employed doctoral sclenfisfs and engineers, by field, gender, and primaiy work activity 1973 
1985 

Primary wor k activity 

Management of Management 

'''"'al Research Developmeni R&D other than R&D Teaching 

Field and gender 1973 1985 1973 1985 1973 198? 1973 1985 1973 1985 Igss" 

Total, all S/E (ields . ... 220.300 400.400 63.000 132.500 8.500 22.000 26.200 35.000 13.200 34.700 79 900 111 700 

203.400 341.900 58.500 116.000 8.400 20.600 25.500 32.900 12.500 29.700 72 500 94"l00 

16.900 58.500 4.500 16.500 200 1.400 700 2.100 800 5.000 7.'500 17.600 

Total scientists ... 184.600 334.500 54.700 106.700 3.500 11,200 19.300 24.000 1 1 000 29 200 71 100 99 200 

167.800 277.500 50.200 90.900 3.400 10.000 18.600 22.100 10.200 24^300 63.600 81 800 

16.800 57.000 4.500 15.800 100 1,200 700 1,900 800 4.900 7.400 17.400 

Physical scientists 48.500 67.500 18.000 29.900 1.900 3.600 7.700 9.300 2.200 3.600 14.300 15 200 

46.600 62.800 17.400 27,900 1,900 3.400 7,600 9,000 2.100 3.400 13 400 13 900 

Wonien 1.900 4.700 600 2,000 (•) 200 100 300 100 200 "900 1.300 

Mathematical scientists .. .. 12.100 16.800 2.500 4.000 200 600 400 400 500 1.300 8 000 9 400 

J^,^" ll-'»«' 15.200 2.400 3.700 100 500 300 401 400 1.200 7.400 8!400 

800 1.600 too 300 (') 100 (•) (•) (•) lOO 600 1.000 

Computer specialists 2.700 15.000 500 6.000 600 4.100 300 1.700 200 1.100 900 2 800 

"f" 2.600 13.400 500 5.400 500 3.700 300 1.500 200 1.000 900 2 600 

Wo-^en too 1.600 (•) 600 (') 400 (•) 200 (') 100 T) 200 

Environmental scientists .. . 10.300 17.200 3.500 6.800 100 300 1.400 2.000 600 1.400 3 100 3 400 

lO.lOO 16.100 3.400 6.300 100 301 1,400 1.900 600 1.300 3.000 3 200 

Wo-^en 300 1.100 100 500 C) (•) (•) 100 (•) 100 100 200 

Life scientists 56.700 101.800 22,800 44.600 400 1.700 6.600 7.300 < J 8.300 17 800 22400 

50.600 81.800 20.000 35.800 400 1.400 6.300 6.600 2AM 6,700 151600 17.400 

6.100 20.000 2,800 8.800 (') 300 300 700 200 1,600 2.200 5.Z 

Psychologists 24.800 52.100 3.200 5.200 200 /;00 1.500 1,000 2.500 5.200 9.300 13 200 

20.000 35.100 2.700 3.700 1G0 300 1.400 700 2,200 3.800 7 500 9 400 

"-SOO 17.000 500 1,500 {') 100 100 300 400 1.400 1.800 3.800 

Social scientists 29.400 64.000 4.200 10.100 200 400 1.400 2.100 2,500 8.300 17,700 32 800 

26.500 52.200 3.800 8.100 IOC- 300 1.300 1.700 2.400 6.900 ! 5.800 26900 

W<»"«" 2.900 11.800 400 2.000 (') 100 100 400 100 1.400 ^900 51900 

Total enginoers 35.800 65.900 8.300 25.800 5.000 10.800 7.000 11.000 2.200 5.500 8 900 1 2500 

35.600 64.400 8.200 25.100 4.900 10.500 6,900 10,800 2.200 5.400 8 800 12 200 

W»™n 100 1.500 (-) 700 (•) 300 (•) 200 C) 100 " (•) 300 

Ae'onaulical/astronautical . 1.700 3.800 400 1.900 100 600 600 900 100 200 -ino -mn 
1-700 S-^OO 1.900 too 800 600 900 100 200 3M 3M 

■ (') 100 (•) (•) (•) (•) (.) (.) (.) I?; ^J^ ('^ 

"-SOf ^-lOO 9C0 3.200 800 1.200 900 1.200 400 500 700 900 

''.50'J 7,000 900 3.100 800 1.200 900 1.200 400 500 700 900 

(") 100 (•) too (■) (-) (.) (.) (.) (■) 'J^ 7j 

3-100 6.400 400 1.400 200 500 3O0 500 300 700 1.300 2.200 

3-'°° S-?^^ ^00 1,400 200 500 300 500 300 700 1.300 2.200 

Wonien (') :00 (•) (•) (") (.) (.^ (■) ,,j |^ 

Electrical/electronics .. . 7.100 14.<i00 1.400 5.300 1.400 2.900 1.400 2.900 300 -.300 2.000 3.000 

7.000 13.900 1.400 5.100 1.400 2.800 1.300 2.900 300 1.300 2 000 2 900 

~ (") 300 n 200 (•) too (■) (■) (.) 'n n m 

".500 7.300 1.500 3.300 400 600 1.200 1.500 100 700 800 

"."00 7.100 1.500 3.200 400 600 1.200 1.400 100 400 700 800 

Wo^ien (•) 200 (•) 100 (•) (■) (.) ,00 O 7) O O 

6.600 600 2.500 500 1,300 400 900 200 500 1.300 2.000 

wrmen-::;.:.::::;;::::: ^'T? T? 7^ '-7 7 7 7 7 '-7 '7 

'^r.:::::::: :::::;;::: IZ 2T0 \-Z Z Z l^o 2 

~ (") (") (") n 0 n (•) (•) n 7 7 7 

Systems engineers 2.000 3.700 400 1.900 300 1.100 300 600 100 200 400 400 

U'"" ''9°? 3-500 "00 1.800 300 1,000 300 600 100 200 400 400 

Wo™" (") 200 (•) 100 (•) 100 (•) (') (■) (.) (.) 

OIhe,- engineers 8,600 14.300 2.400 5.400 i.OOO 1.800 1.700 2.100 600 1.400 1.900 2 600 

t^^" 8.500 14.300 2,400 5.200 1.000 1.800 1.700 2.100 600 1 400 .900 2 5M 

* Too few cases to estimate 

Note: Detail may not add to totals due to rounding 

SOURCE' National Science Fbcodation. Characteristics of Doctoral Sciontists and Enginoers in the Umted States (biennial sc-es) 
Sea fig'-'iv 3-17 
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Appendix table 3-13. Selected employment characteristics of scientists and engineers, by field: 1986 



Field 



Labor torce 
participation 
rate 



Unemployment 
rate 



S/E 
Employment 
rate 



S/E 

Underemployment 
rate 



S/E 

Underutilization 
rate 



Total, all S/E fields 

Total scientists 

Physical scientists 

Chemists 

Physicists/astronomers 

Other physical scientists . . . 

Mathematical scientists 

Mathematicians 

Statisticians 

CompiiS^^r specialists 

Environmental scientists 

Earth scientists 

Oceanographers 

Atmospheric scientists 

Life scientists 

Biological scientists 

Agricultural scientists 

Medical scientists 

Psychologists 

Social scientists 

Economists 

Sociologists/anthropologists 
Other social scientists 

Total Engineers 

Aeronautical/astronautical . . 

Chemical 

Civil 

Electrical/electronics 

Industrial 

Mal« jIs 

Mechanical .... 

Mining 

Nuclear 

Petroleum 

Other engineers 



94.5 


1.5 


95.3 


1.9 




1.4 


94 J 


3.2 


95.1 


1.1 


95.1 


1.9 


94.6 


1.3 


94.5 


1.1 


95.2 


2.4 


98.5 


0.8 


94.5 


4.4 


94.4 


5.0 


92.4 


0.1 


96.0 


1.5 


93.0 


2.1 


92.9 


2.2 


93.3 


2.5 


93.9 


0.4 


95.1 


2.5 


95.4 


2.4 


95.5 


3.1 


95.3 


2.2 


95.4 


1.3 


93.8 


1.2 


94.7 


0.4 


89.1 


2.6 


92.3 


1.7 


93.5 


1.1 


96.1 


1.1 


94.0 


1.7 


91.2 


1.3 


93.7 


2.2 


97.8 


1.0 


95.3 


3.4 


98.3 


0.7 



Percent ■ 
84.7 

76.7 

91.9 
91.5 
94.1 
89.1 

79.3 
77.7 
87.8 

77.7 

87.4 
86.3 
97.9 
88.8 

82.7 
83.5 
78,3 
89.5 

68.2 

60.7 
61.3 
61.2 
59.9 

91.9 

94.3 

83.2 
92.1 
94.1 
82.2 
88.3 
92.1 
86.1 
97.5 
92.9 
92.7 



SCXiRCE: National Science Foundation. U.S. Scientists and Engineers: 1986 (forthcoming) 
See figures 3-20 and 3-21. 



2.6 


A 1 


4.3 


6.1 


1.9 


3.3 


1.8 


5.0 


1.2 


2.2 


O.O 




3.3 


4,6 


3.4 


4.5 


3.0 


5.3 


2.5 


3.3 


5.6 


9.7 


6.1 


10.8 


0.7 


0.8 


3.5 


4.9 




D./ 


0.2 


7 'X 
/ .O 


0.1 


7 


U.I 


U.O 


5.7 


8.1 


7.2 


9.4 


5.6 


8.5 


9.2 


11.1 


7.7 


9.4 


1.0 


2.2 


0.6 


1.0 


1.9 


4.5 


1.2 


2.9 


0.8 


1.8 


1.2 


2.3 


0.9 


2.6 


1.1 


2.4 


1.6 


3.8 


0.4 


1.4 


2.0 


5.4 


0.8 


1.5 
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Appendix table 3-1^, Estimates and projections of 
the population by selected age group: 1950-2010 



Year population 1 8-24 25«34 



Thousands 

Estimates 

1950 152.271 16.075 24.036 

1955 165.931 14.968 24.283 

I960 180.671 16.128 22.919 

1965 194.303 20.293 22.465 

1970 205.052 24,712 25.323 

1975 21 5.973 28.005 3 1 .47 1 

1980 227,704 30.347 37.593 

Projections 

1985 238.631 28.739 41,788 

1990 249.657 25.794 43.529 

1995 259.559 23.702 40.520 

2000 267.995 24.601 36.415 

2005 275.667 26.981 35.009 

2010 283.238 27.665 36.978 



SOURCE: U.S. Deparlmeni o( Commerce. Bureau of Ihe Census, Pro* 
jections of the Population of the United States, by Age, Sex and Race: 
1983-2080, Series p-25. No. 952 (May 1984). table E. p. 7 
See figure 3.23. Science & Engineering Indicators-- 1987 



Appendix table 3-15. Number of nonacademic scientists and en gineers per 10,000 total labor force, by gender 

Scientists and engineers S/E per 10.000 labor force 

^Q""^^y Labor force Total Men Women Total Men Woiiien 

France (1982) 23.525.120 387.860 346.020 41.840 165 147 18 

West Germany (1985) 26.626.400 621.500 585.400 36.100 234 220 14 

Japan (1985) 60.270.700 1.514.C00 144.400 69.800 252 240 12 

United Kingdom (1981) 25.405.590 653.140 583.330 69.810 257 230 27 

United Stales (1984) 1 1 5.24 1 .000 3. 1 79. 1 00 2.844.3 00 334.800 276 247 29 

Scientists per 10.000 labor 
Scientists force 

^Q""^^y Labor force Total Men Women Total Men Women 

France (1982) 23.525.120 139.980 107.100 32.8^0 60 46 14 

West Germany (1985) 26.626.400 103.800 85.900 17.900 39 32 7 

Japan (1985) 60.270.700 389.900 338.400 51.500 65 56 9 

United Kingdom (1981) 25.405.590 28-'.690 223.830 63.860 113 88 25 

United States (1984) 115.241.000 1.162.700 894.7 00 268.000 101 78 23 

Engineers per 10.000 labor 
Engineers force 

^Q""^^y Labor force Tota l Men Women Total Men Women 

France (1982) 23.525.120 247.880 238.920 siieo 105 102 4 

West Germany (1985) 26/'5^CviOO 517.700 499.500 18.200 194 188 7 

Japan (1985) 60,270., 00 1.124.300 1.106.000 18,300 187 184 3 

United Kingdom (1981) 25.405,51)0 365.450 359.500 5.950 144 142 2 

United States (1984) 115>24i,000 2.016.400 1 .949,600 66.800 1 75 1 69 6 

SOURCE: National Science Foundation. International Sc/t.ic© and Technology Data Update 1987 (NSF 87«319) 

See figure 3»24. Science & Engineering Indicators— 1987 
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Appendix table 3-16. Distribution of scientists and engineers in 

manufacturing industry, by occupation group ^ 

Engineers 

Electrical Industrial 

Country Total Scientists Civil Electronic Mechanical 

Percent 

United States (1985) ............ 100.0 16.6 1.0 26.3 56.1 

France (1982) 100.0 22.9 3.5 20.5 S3A 

West Germany (1985) 100.0 18.0 3.2 21>9 56.8 

Japan (1980). 100.0 18.1 1.6 24.5 55.9 

United Kingdom (1981) 100.0 25.9 1.0 14.1 59.0 

NolcFiguresforallcountnesexciudescientistsandengineersinacadeniicpositions The Industrial Mechanical 
category Includes all other engineers. 

SOURCE: Nalio- al Science Foundation, /nfemaf/ona/ Sc/ence oncf Toctmofogy Data Update i98? (NSF 
87-319) 

Sec figure 3-25 Science & Engineering lndicators~t987 



Appendix table 3-17. Scientists and engineers engaged in R&D as a 
proportion of the total labor force population, by country: 1965-86 

U.S.S.R. 



West United United Low High 

Country France Germa ny Japan Kingdom States Estimate Estimate 

S/E's in R&D» per 10.000 labor force population 



1965 


21.0 


22.7 


24.6 


19.6 


64.7 


44.8 


48.2 


1966 


^29.2 


22.4 


26.4 


NA 


66.9 


47.1 


51.4 


1967 


25.3 


24.9 


27.8 


NA 


67.2 


50.7 


55.3 


1968 


26.4 


26.2 


31.1 


20.8 


68.0 


53.5 


58.8 


1969 


27.1 


28.4 


30.8 


NA 


66.7 


C6.5 


62.1 


1970 ..... 


27.3 


30.8 


33.4 


NA 


64.1 


58.1 


64.0 


1971 


27.9 


33.4 


37.5 


NA 


60.7 


62.9 


69.2 




28.2 


35.6 


38.1 


30.4 


58.0 


67.1 


74.2 


1973 


28.5 


37.1 


42.5 


NA 


56.4 


71.0 


79.1 


1974 


28.9 


37.8 


44.9 


NA 


55.6 


74.2 


82.6 


1975 .... 


29.4 


38.6 


47.9 


31.1 


55.3 


77.6 


86.7 


1976 .... 


29.9 


39.2 


48.4 


NA 


54.8 


79.1 


88.5 


1877 .... 


30.0 


41.8 


49.9 


NA 


55.7 


80,4 


90.2 


1978 .... 


31.0 


NA 


49.4 


33,3 


56.5 


82.2 


92.5 


1979 .... 


31.6 


45.3 


50.4 


NA 


57.7 


83,6 


94.5 


1980 .... 


32.4 


NA 


53.6 


NA 


60.0 


85.7 


97.1 


1981 .... 


36.3 


46.5 


55.6 


35.8 


62.0 


88.1 


100.0 


1982 .... 


37.9 


47.0 


57.1 


NA 


62.8 


91.1 


t03.7 




39.1 


48.4 


58.1 


35.1 


63.8 


92.4 


105.9 


1984 .... 


41.2 


49.1 


62.4 


34.2 


65.1 


94.6 


108.8 


1985 .... 


NA 


NA 


63.2 


32.8 


67.4 


96.9 


111.6 


1986 .... 




NA 


NA 


NA 


69.0 


NA 


NA 



Note: NA Not Available 

Itoto: Table includes all scientists and engineers engaged m research and development on a full'lime basis 
except Japan, whose data include persons primarily employed in research and development, and the United 
Kingdom whoso data include only the Government and industry sectors The figures (or West Germany 
tncreasedin i979in part because of incfeasedcoveragoof small andmedium enterprises not surveyed in 1977 
The figures for France increased in 1981 in part duo to a ro-ovaluation of university research efforts 
SOURCE: National Science Foundation, /nrernof/ona/ Sc/onco and Technology Data Update l987 
(NSF 87-319) 

Seo figure 0'7 in Overview, Science & Engineering Indicators— 1987 
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Appendix table 3-18, Distribution of scientists and engineers, by sector, for selec ted countries 

Manufacturing 

Country Tola! & mmtng Conslruciion Services Government 



— Percent 

United States (1985) lOO.o 51 q oc ^« c 

France (1982) ........... ^^J^J " 36.5 10,0 

West Germany (1985) 100.0 48 4 8 7 317 

Japan (1985) . iqo.o 33.0 174 4S8 7 

United Kingdom (1981) iqO.O 49 2 57 S i 8 9 



Note: Figures for all countries exclude scientists and engineers in acadenuc positrons 

SOURCE" National Science Foundation, intcrnauona! Saonce and Tcchnoiogy Data Update ;987. (nSF 87-319) 

Sec figure 3*26 
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Appendix table 3-19. Scientists and engineers engag. research and 
develo pment, by country; 1965-86 

US.S.R. 

West UntteJ United Low High 

Country France Germany Japan Kingdom States Estima te Ustitiate 

Thousands 

1965 42.8 61.0 II7.6 49.9 494.6 521 8 561 4 

60.0 60.0 128.9 NA 521.1 556.5 607 6 

1967 52.4 64.5 138.7 NA 534.4 607 8 6626 

1968 ...... 54.7 68.0 157.6 52.8 550.4 oSO.3 7152 

1969 57.2 74.9 157.1 NA 553.2 698.8 767!o 

1970 ..... 58.5 82.5 172.0 NA 544.2 730.1 803 6 

1971 ...... 60.1 90.2 194.3 NA 523.8 804.2 884 2 

1972 61.2 96.0 198.1 76.7 515.3 872.J 964 5 

1973 62.7 1 01.0 226.6 NA 514.8 938.9 1.045 1 

1974 64.1 102.5 238.2 NA 520.8 997.0 1 110.6 

1975 65.3 103.7 255.2 80.5 527.7 1,060.7 1 184 3 

1976 67.0 104.5 260.2 NA 535.6 1.098.0 1 229 1 

1877 68.0 111.0 272.0 NA 561.0 1.134.2 1 2728 

1978 70.9 NA 273.1 87.7 587.0 1J78.2 l!326.0 

1 979 72.9 1 22.0 28 1 .9 NA 61 4 .8 1 .2 1 7.8 1 ,376.5 

^980 74.9 NA 302.6 NA 6517 1.262.4 1.430.4 

1981 85.5 127.4 317.5 95.7 683.7 1.311.8 1.4894 

1982 90.1 129.0 329.7 NA 702.8 1,368.6 1 558 0 

1983 92.7 133.1 342.2 94.1 722.9 1.399.0 116030 

1984 98.2 135.0 370.0 92.3 750.7 1.441.8 1.658.5 

1985 NA NA 381.3 90.0 790,0 1.485.3 1,710.5 

1986 NA NA 406.0 NA 825.0 NA NA 

Notor NA ' Not Available. 

Note: Table includes all scientists and engineers engaged m research and development on a full-time basis 
except Japan, whose data include persons primarily employed m research and devolopTie.nt and the United 
Kingdom whose data include only the Government and industry sectors. The figures for West Germany 
inaeasc J in 1979 In part because of increased coverage of snwll and medium enterprises not surveyed m 1 977 
The- figures for France increased in 1981 in part due to a re-evaluat»on of university research efforts 
^^'j^f^^^^'^ National Science Foundatior,, Intornational Saonce and Tochnofogy Data Update J987 

See figure 3-27, Science & Engineering Indicators-. 1987 
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Appendix table 3-20. Distribution of scientists and engineers, by age group, 

for selected countries 



Country Total Under 35 35-54 55 -f 

Percent 

United States (1984) 100.0 27.6 53.3 19.0 

France (1982) 100.0 29.6 58.4 12.1 

West Germany (1985) 100.0 30.3 56.0 13.6 

Japan (1985) 100.0 48.4 44.9 6.7 

United Kingdom (1981) 100.0 45.2 42.4 12.5 

Note: Figures for all countries exclude scientists and engineers in academic positions. 

SOURCE. National Science Foundation. Internattonat Science and Technology Data Update 1987 

(NSF 87-319) 

See figure 3-28. Science & Engineering Indicators— 1987 
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Appendix table 3-21. Employment status of scientists and engineers, 
by field and race; 1976, 1980, 1986 



Total Employed 



Field and race 

Total, all S'E fields 

White 

Black 

Asian 

Dther 

Total scientists 

White 

Black 

Asian 

Other 

Physical scientists 

White 

Black 

Asian 

Other 

Mathematical scientists 

White 

Black 

Asian 

Other 

Computer specialists 

White 

Black 

Asian 

Other 

Environmental scientists 

White 

Black 

Asian 

Other 

Life scientists 

White 

Black 

Asian 

Other 

Psychologists 

White , 

Black 

Asian 

Other 

Social scientists 

White 

Black 

Asian 

Other 



Employed in S/E 



1976 



2.331.200 
2.141.900 
38,100 
106,600 
44.600 

959.500 
870.900 
21.400 
48,500 
18.700 

188.900 
172,400 
3.200 
7.600 
5.700 

48,600 
44.200 
2.600 
1.600 
200 

119.000 
110,700 
1,600 
4.000 
2,700 

54.800 
48,300 
2,000 
3,200 
1,200 

213,500 
200,700 
4,900 
5,300 
2.500 

112.500 
105.100 
3.800 
1,000 
2,600 

222,300 
189,400 

3,300 
25.800 

3,800 



1980 


1986 


1976 


1980 


1986 


2.860.400 


4,626.500 


2.122,100 


2.542,700 


'? qiq qnn 


2.644,900 


4.190,400 


1.94S.700 


2.349,700 




57.600 


114,900 


34.900 


50.900 


87,900 


121.000 


226,800 


98,500 


112,000 


199,000 


37.000 


94.400 


38,900 


30,100 


76,800 


1,184.500 


2.186,300 


843.800 


1 .032.800 


1 676 400 


1.097,000 


1.973,100 


764.200 


957,900 


1 521 000 


30.500 


73,700 


19,400 


26.000 


50,600 


41.500 


94.000 


43,100 


37,500 


72,300 


15.400 


45.500 


17,100 


11,400 


32,500 


215.200 


288,400 


154,900 


1 66.300 


264 QOO 


201.200 


261.800 


141,200 


155,600 


240.400 


3,400 


6,200 


2.400 


2.400 


5,400 


8.800 


15,400 


6,400 


7.100 


14.500 


1.800 


5.000 


4,900 


l.cOO 


4,600 


64.3^0 


131,000 


43.800 


57.300 


1 03 <iOO 


59,200 


115,500 


39,400 


52.600 


91,300 


2.900 


6.800 


2.500 


2.500 


6,100 


2,100 


5,900 


1.700 


2,100 


4,20C 


200 


2.800 


200 


200 


2,300 


207,800 


562,600 


116,000 


196.700 


437,200 


192.000 


497,100 


108.000 


181,500 


388.200 


4,700 


18,900 


1.500 


4.300 


13.200 


9,900 


36,100 


3.900 


9.700 


27,600 


1 ,oUU 


10,500 


2,600 


1.200 


8,200 


77,600 


111,300 


46,600 


63.100 


97,300 


70,000 


105,800 


40.700 


57,700 


93 600 


700 


1,000 


1.800 


800 


400 


2,500 


2.100 


2,900 


2,000 


1.900 


A Ann 


2,400 


1,200 


2.700 


1,400 


287,500 


411.800 


198,200 


267,300 


340 ^500 


270,300 


377,900 


186,100 


250.700 


313 300 


6.700 


8,800 


4,700 


6,400 


7,100 


7.100 


15,000 


5,400 


6,900 


12.900 


3,400 


10.100 


2,000 


3,400 


7.200 


128,100 


253,500 


103,700 


112,500 


172,800 


121.600 


234,100 


97,100 


107,400 


161,800 


3,800 


9.100 


3.700 


3.400 


6.000 


1,200 


5,200 


700 


1,000 


1.400 


1,500 


5,100 


2.100 


800 


3.600 


204,000 


427,800 


180,500 


169,700 


259,800 


182.800 


380,800 


151,600 


152,600 


232.600 


8.300 


22,900 


2,900 


6.400 


12.300 


10.000 


14,200 


22.100 


8,700 


9,700 


2,900 


9.900 


3.900 


2,000 


5,200 
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Appendix table 3-21. (Continued) 

Total Employed 

Field and race 1976 1980__ 

Total engineers 1.371.700 1.675.900 

V\^jte 1,271.000 1,547,800 

Black 16.700 27,000 

Asian 58,100 79,500 

Other v 25.900 21,600 

Aeronautical/astronautical 56.800 69,500 

White 54.100 65,000 

Black . . . . 300 1.100 

Asian 1.600 2,200 

Other 700 1,200 

Chemical 77,500 94,500 

White 72.200 86,400 

Black 1-500 800 

Asian 2.400 5,800 

Other 1.400 1,500 

Civil 188,200 232.100 

While" 165,700 209.100 

Black 1'600 3,900 

Asian , . . 14,800 16,000 

Other 6,100 3,100 

Electrical/electronics 283,000 383,100 

White 262,500 346,500 

Black 2.900 8,100 

Asian 13,800 23,300 

Other 3.800 5,100 

Mechanical 276,200 322.600 

White 258,700 302,000 

Black 2.400 2,700 

Asian 9,700 13,900 

Other 5,500 3,900 

Other engineers 490,000 574,100 

White 457,800 538,700 

Black 8.000 10,300 

Asian 15,800 18,300 

Other ^ . . . 8,500 6,700 

Note: Detail may not add to total because of rounding. 

SCXJRCE: National Science Foundation, U.S. Scientists and Engineers: 1986 (forthcoming) 
See figure 0-14 in Overview 



employed in S/E 



1986 



1976 



1980 



1986 



2,440.100 
2.217,300 

41.300 
132,800 

48.700 

110,500 
100.800 

I, 600 
6,600 
1.500 

149,000 
133,900 

2,000 
10,100 

3,000 

346,300 
308.600 

5.200 
24,500 

8.000 

574,500 
512.500 

II, 900 
37,900 
12,200 

492,600 
452,600 

6J00 
24,600 

8,700 

767,200 
708,900 
13.900 
29,100 
15.300 



1.278,300 
1,185,500 
15,500 
55,400 
21,900 

55,700 
52,90C 

300 
1.700 

700 

76.400 
71,100 
1,500 
2,400 
1,400 

182.800 
162,500 

1,800 
14,800 

3,700 

267,900 
248,800 

2,600 
12,700 

3,800 

272,800 
255,300 
2,200 
9,600 
5,700 

422.700 
394,900 

7,000 
14,300 

6,500 



1.509,900 
1,391,700 
24,900 
76,600 
18,700 

65,000 
60,500 
1,200 
2,100 
1,200 

89,000 
81,300 
400 
5,700 
1,500 

217,000 
194,900 

3,800 
15,200 

3,100 

357,400 
323,600 

7,500 
22,100 

4,200 

30^ 800 
288,900 

2,500 
13,600 

3,900 

472,600 
442,400 

9,400 
15,900 

4,900 



2,243,500 
2,035,200 

37,300 
126.700 

44,300 

104,200 
94,900 
1,400 
6,500 
1,400 

131,500 
119,200 
900 
9,200 
2,200 

319,100 
^84,300 
4,800 
23,300 
6,700 

540,800 
481,800 
11,000 
36,000 
12,000 

453,700 
416,000 
6,400 
23,400 
7,900 

694,200 
639,000 
12,800 
28,300 
14,100 
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Appendix table 3-22. Employment status of Hispanic 
scientists and engineers, by field: 1985 



Field 


Total 


FmnlovpH 


employed 


in S/E 


loiai, ail o/t iields 




74,900 


Total scientists 




31,200 


Physical scientists 


4,800 


4,600 


Mathematical scientists 


3.100 


2,600 


Computer specialists 


9.300 


6.100 


Environmental scientists 


1.800 


1,600 


Life scientists 




7.100 


Psychologists 




2,700 


Social scientists 




6.600 


Total engineers 


47,200 


43.700 


Aeronautical/astronautical 


1.500 


1,400 


Chemical 




2,500 


Civil 




7,100 


Electrical/electronics 


12,200 


11.400 


Industrial 


2,500 


2,300 


Materials 


400 


400 


Mechanical 


9,000 


7,900 


Min"ng 


100 


100 


Nuclear 


100 


100 


Petroleum 


700 


700 


Other engineers 


10,700 


9,900 



Note: Detail may not add to total because of rounding. 

SOURCE: National Science Foundation. U.S. Scientists and Engin^^rs: 
1986 (forthcoming) 

See figure 0-14 in Overview. Science & Engineering Indicators— 1987 
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Appendix table 3-23. First universit y degrees by major fieid of study and country: 1984 and 1985 

United Stales Japan West Germany United Kingdom France' Soviet Union^ 
(1985) (1985) (1984) (1984) (^9B^ (^985) 

Academic fields Number Pe rcent" Number Percent Number Percent Number Percent Number Percent Number Percent 

AH fields 990.877 100.0 373.302 100.0 b7,153 1000 73.841 mO 46,243 100.0 858.900 100.0 

Natural sciences and ^ _ __ ^ 

engineering 213.918 21.6 97.544 26.1 19.735 34.5 29,443 39.9 22.050 47.7 456.935 53.2 

Natural sciences.... 120,168 12.1 12,698 3.4 9.429 16.5 17.400 23.6 9.350 20.2 52.395 6.1 

Engineering 77.871 7.9 71,396 19.1 8,068 14.1 10,577 14.3 12,700 27.5 334,970 39.0 

Agriculture 15,879 1.6 13.450 3.6 2.238 3.9 1.466 2.0 {') 69.570 8.1 

Other 776.959 78.4 275.758 73.9 37,418 65.5 44.398 60.1 24.198 52.3 401.965 46.8 

' Data for France are based on maitnse degrees and engineering degrees. French engineering degrees are equivalent to U S masters degree 

2 Figures for the Soviet Union are estimates made to approximate the U.S. definitions 

3 Included in natural sciences. 

wore: Percents are based on unrounded figures. Natural sciences include physical sciences, biological sciences and mathematics 
Source: National Science Foundation. International Science and Technology Data Update 1987 (NSF 37-319) 

^ M' ^ o - Science & Hngineering Indicators— 1987 

See figure 0-8 in Overview. y a 
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Appendix table 4-1. National expenditures on research and development,^ 

1970-86 



by source of funds, selected countries: 



Country and source 



1970 



1976 



1979 



1981 



United States 26, 1 34 35,21 3 

Domestic sources 26,134 35,213 

Business Enterprises 10,444 15.820 

Government 14,892 18,109 

Non-profit 337 535 

Universities 461 749 

From abroad , NA NA 

Japan 1,055,505 2,974,573 

Domestic sources 1,342,048 2,915,853 

Business Enterprises 792,970 1,715,734 

Government 392,012 882,853 

Non-profit 4,887 20,812 

Universities 152,179 296,454 

From abroad 1 ,060 3,054 

West Germany 13,903 22,968 

Domestic sources 13,752 22,576 

Business Enterprises 7,419 11,514 

Government 6,311 10,898 

Non-profit 23 164 

Universities 0 0 

From abroad 151 392 

France 14,955 26,203 

Domestic sources 14,775 24,747 

Business Enterprises 5,465 10,235 

Government 8,985 14,467 

Non-profit 21 30 

Universities 305 15 

From abroad 180 410 

United Kingdom^ 1,069 2,151 

Domestic sources 1,019 2,038 

Business Enterprises 453 823 

Government 548 1,176 

Non-profit 11 25 

Universities 7 15 

From abroad 47 1 05 



1983 



1984 



1985 



- Millions national currency - 



1986 



54,933 


71 RAH 




97,639 


107,462 


116,793 


54,933 


71 fldO 


07 OC\A 


97,639 


107,462 


116,793 


26,081 


35 944 


A'i CIC 
HOfD 1 0 


ACi f\CC 

4y,UDb 


52,569 


55,699 


26,815 


33,405 


*4U,D/ 1 


4o,o41 


51,330 


57,219 


837 


Q71 


1,10/ 


1,208 


1,304 


1,37t 


1,200 


1,520 


1,881 


2,024 


2 259 




NA 


NA 


NA 


NA 


NA 


NA 


4,583,630 




7 Ifln 7QO 


7,oyo,yoi 


8,890,299 


NA 


4,577,044 


«; qyj; flic 


7 1 70 t^R1 


7,oob,J41 


NA 


NA 


2,697,945 


3 7?B CS^^ 


A R7fl AfiO 


C OTO CCA 


6,125,416 


NA 


1,347,983 


1 R1 1 RflR 


1 ,/4iU,o 10 


1 ,777,349 


1 ,866,963 


NA 


16,525 


41 fl'i7 


AC QQC 


00,1/0 


NA 


NA 


514,591 


596,218 


726,868 


775,253 


NA 


MA 


3,586 


6,143 


8,220 


7,590 


NA 


NA 


33,457 


0/ ,/ uo 


AO K1 0 


44,200 


49,000 


53,400 


32,843 


37 340 


AO (Vi(\ 




NA 


NA 


18,540 


21 860 


0^ ^AA 


MA 


29,841 


NA 


14,211 


15 328 


Ifi 7^X0 


Kl A 


18,424 


NA 


92 




1 ^A 


NA 


NA 


NA 


0 


0 


0 




MA 
NA 


Kl A 

NA 


613 


363 


482 


NA 


NA 


NA 


44,123 


62,471 


84,671 


96,r 3 


105,917 


117,000 


41,830 


59,277 


81,658 


92,f J8 


NA 


NA 


19,019 


25,562 


35,525 


39,200 


43,850 


NA 


18,655 


25,209 


34,968 


51,658 


56,136 


NA 


267 


233 


363 


NA 


NA 


NA 


3,889 


120 


194 


NA 


NA 


NA 


2.293 


3,194 


3,013 


4,100 


NA 


NA 


3,510 


6,134 


6,820 


NA 


8,150 


NA 


3,281 


5,692 


NA 


NA 


NA 


NA 


1,484 


2,529 


2,869 


NA 


3,757 


NA 


1,717 


3,008 


3,424 


NA 


3,537 


NA 


50 


97 


139 


NA 


NA 


NA 


30 


58 


36 


NA 


NA 


NA 


212 


411 


348 


NA 


NA 


NA 



(continued) 
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Append ix table 4-1. (Continued) 

Country and source 1970 1975 1979 1981 1983 1984 1985 1986 

Millions U.S. 1982 constant dollars' 

United States 62,179 59,371 69,916 76,458 83,963 90.633 96,665 102,405 

Domestic source's 62.179 59,371 69.916 76.458 83.963 90.633 96,665 102.405 

Business Enterprises 24.849 26.673 33.195 38,255 41.898 45.545 47,287 48.837 

Government 35.432 30,533 34,129 35.552 39.159 42.088 46.173 50.170 

^i-..yrofit 802 902 1.065 1.033 1.095 1.121 1.173 1.206 

U'niveisities 1.097 1.263 1.527 1.618 1.811 1,879 2,032 2,192 

From abroad NA NA NA NA NA NA NA NA 

Japan 12.442 16.673 20.985 25.570 29.904 okASQ 36.023 NA 

Domestic sources". 12.319 16.344 20,955 25,542 29,870 32,449 NA NA 

Business Enterprises 7,279 9,617 12.352 15,926 19,484 21.719 24.820 NA 

Government 3.598 4.949 6.171 6.889 7.166 7.313 7.565 NA 

Non-profit 45 117 76 179 193 227 NA NA 

Universities 1.397 1.662 2.356 2.548 3.027 3,190 NA NA 

From abroad 10 17 16 26 34 31 NA NA 

West Germany 9,880 11,894 14,858 15,357 16,071 16,385 17.773 18,789 

Domestic sources 9.773 11.691 14,585 15,209 15,888 NA NA NA 

Business Enterprises 5.272 5,962 8,233 8,904 9.505 NA 10.824 NA 

Govern lent 4.485 5.643 6.311 6.243 6,325 NA 6,683 NA 

Non-profit 16 85 41 62 58 NA NA NA 

universities 0 0 0 0 0 NA NA NA 

From abroad 107 203 272 148 182 NA NA NA 

France 7,091 8,144 9.448 10.781 11.919 12.603 13,123 10,850 

Domestic sources' 7.006 7.691 8.957 10.230 11.495 12.066 NA NA 

Business Enterprises 2.591 3.181 4.072 4.411 5.001 5.136 5.433 NA 

Government ... 4.260 4.496 3.994 4.350 4.922 6.^68 6.955 NA 

Non-profit 10 9 57 40 51 NA NA NA 

Universities 145 5 833 21 27 NA NA NA 

From abroad 85 127 491 551 424 537 NA NA 

United Kingdom' 8,726 9,496 9,288 12,155 11,946 NA 12,930 NA 

Domestic sources 8.317 8.997 8.682 11.278 NA NA NA NA 

Business Enterprises 3,701 3.631 3.926 5.011 5.025 NA 5.961 NA 

Government 4,473 5,191 4.544 5,959 5.997 NA 5.611 NA 

Non-profit 90 109 133 192 243 NA NA NA 

Universities 54 65 79 115 63 NA NA NA 

Fro m abroad 380 464 562 814 610 NA NA NA 

Note: NA = not available. 

' Gross expenditures for performance ol R&D including associated capital expenditures, except for the United States wliere total capital expenditure data are not 

available. , ^ . ^ „ 

' Data are deflated using the implicit GDP price deflator, except lor the United States, for which the GNP deflator is used. Deflated data are trar sforned into dollars using 

the 1975 purchasing power parity. 

» United Kingdom data for 1970 are for fiscal year 1969/70. and 1979 for fiscal year 1978/79. 

SOURCES: OECD. Soence ana Technology Indicators Recent Results, September. 1 987. National Science Foundation. National Patterns of Science and Technology 
Resources, 1987 (forthcoming); National Science Foundation, unpublished statistics 

See figures 0-1 and 0-4 in Overview. Science & Engineering lndicators-1987 
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Appendix table 4-2. National expenditures for performance of R&D- as a percent of gross national product (GNP) = 
by country : 1970-87 

~ France West Germany Japan United Kingdom United State Soviet Union 

National expenditures on R&D as a percent of GNP 

1-91 2.06 1.85 2.07 2 57 3 28 

^i! 1-90 2.19 1.85 NA 242 HI 

1975:;::::::::::::::::::::::: 79 i'l 

1975 on irX ^-97 2.23 3.74 

i-----::::----:::::::::::-:::: ^ B € B 

i9o0 184 0 AO o oo MA 

1981 2:01 2I4 2 38 P 41 lit 2-^6 

1982 2 10 2 59 ?47 m1 ^"^^ ^-^^ 

1983 2 5 254 JT. "1 3.68 

1984 : 2 25 2 52 2fi ^m! ^.82 

1985 231 9fi7 m 2.59 3.95 

1986 :::::::::■:■■■■ II] i% ^-z ^f, 2.69 3.74 

^^^^ NA NA NA NA 277 jS_ 

National expenditures on R&D national currency in millions 

197? :::::::::::::::::::::::■■ iJS !S '-Z 

^rt-To io,D<ii iD.Dii/ 1,532,372 NA ?6 676 1*1000 

S ::::::::::::::::::::::■■ !S i9%'J^ S8'J? ^-1^° S5?7 itS 
j,^^^ : S S 2:?ilS2 Z W£ !S 

^^^^^ 26,203 22,968 2,974,573 2,-300 35 2?^ S 

g ::::::::::::::::::::::::: S IS S Si S i 
I ::::::::::::::::::::::::: S S ^'^J H i 

iiSl S IS e.,".' E li 
^ 'J™ 'ifs, i?™ 

™J »W 42,512 7,180.782 6,820 87 204 

??J 44,200 7.893.931 NA l?^ S'lS 

^ ^ !;!A NA 124,250 NA 

■ Gross national product national currency in billions 

^Z? 782.0 676.0 73,128.0 51.6 1 015 5 ^-ifi ? 

873.1 756.0 82,725.8 57.8 102 7 ^75 7 

961.3 827.2 96,424.0 Vil S 388'b 

1.121.3 920.1 116,636.3 n2 3593 4?oo 

^^^i 1.284.4 986.9 138,044.6 84.3 S £1 

1.452.0 1,034.9 151,797.0 105.2 5984 So5 

1.677.8 1,125.0 170,290.0 125.7 ;?828 So 

\^J1 1.885.0 1,200.0 188,804.3 143 2 990 5 mrr 

\%l 2,141.0 1,290.7 202,708.0 164.6 S7 5J5? 

2,442.0 1,395.3 218,894.0 191.1 25082 563? 

2,765.0 1,484.2 235,834.0 229.5 2 732 0 593 1 

\Z V^^A 251,259.0 254.8 3,S 2I2 

1™ ' 3,567.0 1,597.1 263,984.0 278 1 o q 

^'^^l-l 274:639.0 30J2 3401 6 672 9 

4,277.2 1,756.9 303,019.8 322.7 zTlAJ 699 3 

4,579.6 1,837.9 320,774.8 337.0 3 996 7 7355 

!9^:::::::::::::::::::::::- '-'r^ '''''II Z ^ 

NA NA NA 4,491.3 NA 

Note: NA ^ Not available. 

Note: The latest data may be preliminary or estimates The figures for West Germany increased in ^979 m nart hprpi.<;p m .n^rooo^n ^ . i ^ . 

enterprises not surveyed prior lo 1977. ^^^nwriy muredsea in y/y m part because of increased coverage of small and medium 

» Gross expenditures for performance of R&D including associated caoital exDenditurp<5 pyrpnt fnr th^» i i«.i«h o».»^^ ^ 

SOURCES; GNP data: International Monetary Fund Jn/ema/Zona/F/Wanc/^^ vol 30rMavi977i vol w /Mai/iOTft^ wai -ji .a .♦.a^ov . 

Union: onpubhshed statisSvidTd^R btt CaS^^ 

National Patterns ol Sconce and Tochnology Resources. /987 IforthcSg) ' °" °' ^"^"'^ f^^"""^' ^'^'^nce Foundation. 

See figure 0«2 in Oven/iew. 

Science & Engineering Indicators — 1987 




236 



9^: :i 



Appendix table 4-3. Estimated non-defense R&D expenditures^ as a percent of gross national product (GNP),^ by 

country: 1971-87 



Year 



Franre 


West Germany 


Japan 


United Kingdom United States 




— Estimated non-defense R&D expenditures as a percent of GNP 




NA 


2.03 


1.84 


NA 


1.65 


1.58 


2.08 


1.84 


1.56 


1.60 


1.38 


1.94 


1.89 


NA 


1.58 


1.43 


1.98 


1.96 


NA 


1.63 


1.46 


2.08 


1.95 


1.55 


1.63 


1.44 


2.01 


1.94 


NA 


1.62 


1.44 


2.01 


1.92 


NA 


1.61 


1.41 


2.10 


1.98 


1.61 


1.63 


1.42 


2.27 


2.08 


NA 


1.69 


1.43 


2.30 


2.21 


NA 


1.79 


1.50 


2.34 


2.37 


1.72 


1.81 


1.63 


2.48 


2.46 


NA 


1.88 


1.69 


2.43 


2.60 


1.60 


1.87 


1.76 


2.41 


2.59 


NA 


1.86 


1.85 


2.53 


2.75 


1.71 


1.86 


1.94 


2.60 


NA 


NA 


1.85 


NA 


NA 


NA 


NA 


1.88 


Estimated non-defense R&D expenditures national currency in billions 




NA 


15.3 


1,520.1 


NA 


18.1 


15.2 


17.2 


1,777.8 


1.0 


19.4 


15.4 


17.9 


2,200.2 


NA 


21.5 


18.4 


19.6 


2,699.8 


NA 


24.0 


21.2 


21.6 


2,957.5 


1.6 


26.1 


24.2 


22.7 


3,301.4 


NA 


28.9 


27.1 


24.1 


3,629.3 


NA 


32.1 


30.2 


27.2 


4,021.7 


2.7 


36.6 


34.8 


31.6 


4,556.9 


NA 


42.3 


39.7 


34.2 


5,217.2 


NA 


48.8 


46.8 


36.1 


5,950.1 


4.4 


55.3 


58.1 


39.7 


6,493.1 


NA 


59.5 


66.6 


40.7 


7,140.3 


4.8 


63.7 


75.4 


42.3 


7,848.1 


NA 


70.3 


84.8 


46.5 


8,830.0 


5.8 


74.3 


94.3 


50.7 


NA 


NA 


79.4 


NA 


NA 


NA 


NA 


84.5 










873.1 


756.0 


82,725.8 


57.8 


1,102.7 


961.3 


827.2 


96,424.0 


63.9 


1,212.8 


1,121.3 


920.1 


116,636.3 


74.2 


1,359.3 


1,284.4 


986.9 


138,044.6 


84.3 


1,472.8 


1,452.0 


1,034.9 


151,797.0 


105.2 


1,598.4 


1,677.8 


1,125.0 


170,290.0 


125.7 


1,782.8 


1,885.0 


1,200.0 


188,804.3 


143.2 


1,990.5 


2,141.0 


1,290.7 


202,708.0 


164.6 


2,249.7 


2,442.0 


1,395.3 


218,894.0 


191.1 


2,508.2 


2,765.0 


1,484.2 


235,834.0 


229.5 


2,732.0 


3,110.6 


1,545.1 


251,259.0 


254.8 


3,052.6 


3,567.0 


1,597.1 


263,984.0 


278.1 


3,166.0 


3,935.0 


1,674.1 


274,639.0 


303.2 


3,401.6 


4,277.2 


1,756.9 


303,019.8 


322.7 


3,774.7 


4,579.6 


1,837.9 


320,774.8 


337.0 


3,996.7 


4,857.2 


1,949.0 


330,712.7 


NA 


4,291.0 


NA 


NA 


NA 


NA 


4,491.3 



1971 . 

1972 . 

1973 . 

1974 . 

1975 . 

1976 . 

1977 . 

1978 . 

1979 , 

1980 , 
1981 
1982 
1983 
1984 
1985 
1986 
1987 



1971 . 

1972 . 

1973 . 

1974 . 

1975 . 

1976 . 

1977 , 

1978 , 

1979 , 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 



1971 . 

1972 . 

1973 . 

1974 . 

1975 . 

1976 . 

1977 . 

1978 . 

1979 . 

1980 , 

1981 , 
1982 
1983 , 
1984 
1985 
1986 
1987 



Note: NA = Not available. 

Note: The latest data may be preliminary or estimates. The figures for West Germany increased m 1979 m part because of increased coverage of small and medium 
enterprises not surveyed prior to 1977. 

' Gross expenditures for performance ot R&D including associated capital expenditures, except for the United States, where total capital expenditure data are not 
available. U.S. estimates for the period 1972-80 show that the inclusion of capital expenditures would have an impact of less than one tenth of one percent of the R&D^ 
GNP ratio. 

2 Gross domestic product is used for France. 

SOURCES: GNP data: International Monetary Fund. Internationai Financial Statistics, vol. 30 (May 1977), vol. 31 (May 1978). vol 31 (August 1978). vol 32 (January 
1979) and vol 33 (August i980) U.S. Department ot Commerce. International Economic Indicators (June 1984), international R&D expenditure data OECD. Science 
and Technology Indicators Recent Results. 1981-87, September, 1987 and OECD. Science. Technology and Industry Indicators Division, unpublished statistics: United 
States: Division ol Science Resources Studies. National Science Foundation. National Patterns of Science and Technology Resources, 1987 (forthcoming) 

See figure 0-3 in Overview. Science & Engineering Indicators— 1987 
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Appendix table 4-4. Research and development, by performer: 1960-87 



Nonprofit Nonprofit 

^ Total Federal Industry U&C FFRDC's institutions Total Federal Industry U&C FFRDC's institutions 

Millions of dollars Millions constant 1982 dollars* 

1960 13,523 1,726 10,509 646 360 282 43,693 5,577 33,955 2 087 1 163 911 

1961 14,316 1,874 10,908 763 410 361 45,826 5,999 34,917 2 442 1 312 1 156 

1962 15,394 2,098 11,464 904 470 458 48,197 6,569 35,892 2 830 1 472 1 434 

1963 17,059 2,279 12,630 1,081 530 539 52,651 7.034 38,981 3,336 1 636 1 664 

1964 18,854 838 13,512 1,275 629 600 57,255 8,618 41,032 3,872 1^910 1^822 

1965 20,044 J,093 14,185 1,474 629 663 59,337 9,156 41,992 4,364 1 862 1 963 

1966 21,846 3,220 15,548 1,715 630 733 62,489 9,211 44,474 4 906 1 802 2 097 

1967 23,146 3,396 16,385 1,921 673 771 64,402 9,449 45,590 5 345 1 873 2^145 

1968 24,605 3,494 17,429 2,149 719 814 65,213 9,261 46.194 5,696 1 906 2^157 

1969 25,631 3,503 18,308 2,225 725 870 64.432 8,806 46,023 5,593 1,823 2!l87 

1970 26,134 4,079 18,067 2,335 737 916 62,179 9,705 42,980 5 556 1 754 2 179 

1971 26,676 4,228 18,320 2,500 716 912 60,108 9,527 41,280 5^633 1 613 2055 

1972 28.477 4.590 19,552 2,630 753 952 61,254 r,373 42,056 5 657 1 620 2 048 

1973 30,718 4,762 21,249 2,884 817 1,006 62,006 9,612 42,893 5,822 1 649 2 031 

1974 32,864 4,911 22,887 3,023 865 1,178 60,904 9,101 42,415 5,602 1,603 2J83 

1975 35,213 5,354 24,187 3,409 987 1,276 59,371 9,027 40,781 5 748 1 664 2 151 

1976 39,018 5,769 26,997 3,729 1,147 1,376 61,865 9,147 42,805 5 912 1 819 2^182 

1977 42,783 6,012 29,825 4,067 1,384 1,495 63,539 8,936 44,330 6 045 2057 2 222 

1978 48,129 6,811 33,304 4,625 1,717 1,672 66,642 9,431 46J15 6 404 2 377 2 315 

1979 54,933 7,417 38,226 5,361 1,935 1,994 69,916 9,440 48,652 6^823 2,463 2^538 

1980 62,593 7,632 44,505 6,060 2,246 2,150 73,020 8,903 51,919 7,070 2 620 2 508 

1981 71,840 8,425 51,810 6,819 2,486 2,300 76,458 8.967 55,140 7257 ^646 2448 

1982 79,316 9,141 57,995 7,267 2,479 2,425 79,316 9,141 57,995 7267 2479 2 425 

1983 87,204 10,582 63,403 7,807 2,737 2,675 83,963 10,189 61,047 7517 2 635 2 576 

1984 97,639 11,572 71,471 8,503 3,118 2,975 90,633 10,742 66,343 7,893 2^894 2,Vc2 

1985 107,462 12,998 78,181 9,504 3,529 3,250 96,665 11,692 70.326 8 549 3 174 2 923 

1986 116,793 13,533 85,660 10,600 ^600 3,400 102,405 11,866 75,107 9,294 3*157 2,981 

1987 124,250 15,000 90,700 11,150 0,800 3,600 10 5,422 12,727 76,956 9^460 3^224 3,054 

" GNP implicit price deflator used to convert current dollars to constant i982 dollars. 

SOURCE: National Science Foundation, National Patterns of Science and Technology Resources. ;967 (forthcoming) 
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Appendix table 4-5, Research and development, by source and performer: 1960-87 



Industry' Universities and colleges" Nonprofit institutions" 



Year 


Total 


Federal' 


Total 


Federal 


Industry 


Total 


Federal 


Industry 


U&C 


NP 


FFRDC 


Total 


Federal 


Industry 


NP 
















Millions of dollars - 
















1960 


13,523 


1,726 


10,509 


6.081 


4,428 


646 


405 40 


149 


52 


360 


282 


166 


48 


68 


1961 


14,316 


1»874 


10,908 


6,240 


4,668 


763 




do 


165 


58 


410 


361 


226 


49 


86 


1962 . , 


15,394 


2,098 


11,464 


6,435 


5,029 


904 


\j \ o 




185 


66 


470 


458 


295 


54 


109 


1963 .. 


17,059 


2,279 


12.630 




c Qcn 


1 ,Uo1 




*t 1 


cXJI 


1 o 








55 


119 


1964 


18,854 


2,838 


13,512 


7,720 


5,792 


1,275 


917 


40 


235 


83 


629 


600 


433 


55 


112 


1965 .. 


. 20,044 


3,093 


14,185 


7.740 


6,445 


1.474 


1 ny^ 


41 


267 


93 


629 


663 


477 


62 


124 


1966 , , 


. 21,846 


3,220 


15,548 


8,332 


7,216 


1,715 


1 9R1 




304 


108 


630 


733 


525 


70 


138 


1967 ,. 


23,146 


3,396 


16.385 


8,365 


8.020 


1,921 


1»409 


48 


345 


119 


673 


771 


552 


74 


145 


1968 .. 


24,605 


3,494 


17,429 


Q CCA 


Q QAQ 




1,573 


55 




1 O 1 


71Q 


O 1 *♦ 




81 


151 


1969 


25,631 


3.503 


18,308 


8,451 


9.857 


2,225 


1,600 


60 


420 


145 


725 


870 


616 


93 


161 


1970 .. 


26,134 


4,079 


18,067 


IJl^ 


10,288 


2.335 


1,648 


61 


461 


165 


737 


916 


649 


95 


172 


1971 


26,676 


4,228 


18,320 


7,666 


10,654 


2,500 


1,724 


70 


529 


177 


716 


912 


630 


98 


184 


1972 .. 


, 28,477 


4.590 


19.552 


8,017 


11.535 


2,630 


1,795 


74 


574 


187 


753 


952 


653 


101 


198 


1973 . . 


. 30,718 


4.762 


21.249 


8.145 


13.104 


2,884 


1,985 


84 


613 


202 


817 


1,006 


690 


105 


211 


1974 


. 32,864 


4,911 


22,887 


8,220 


14.667 


3,023 


^032 


96 


677 


218 


865 


1,178 


822 


115 


241 


1975 .. 


35,213 


5,354 


24,187 


8,605 


15,582 


3,409 


2,288 


113 


749 


259 


987 


1,276 


875 


125 


276 


1976 .. 


. 39,018 


5,769 


26.997 


9»561 


17.436 


3,729 


2,512 


123 


810 


284 


1,147 


1,376 


925 


135 


316 


1977 


, 42,783 


6.012 


29.825 


10,485 


19.340 


4.067 


2»726 


139 


888' 


314 


1,384 


1,495 


987 


150 


358 


1978 . 


48.129 


6,811 


33,304 


11J89 


22.115 


4,625 


3.059 


170 


1,03/ 


359 


1,717 


1,672 


1,100 


165 


407 


1979 .. 


. 54,933 


7.417 


38,226 


12,518 


25,708 


5,361 


3.595 


193 


1,200 


373 


1,935 


1,994 


1,350 


180 


464 


1980 .. 


. 62 '93 


7,632 


44.505 


14,029 


30,476 


6,060 


4,094 


235 


1,323 


408 


2,246 


2,150 


1,450 


200 


500 


1981 .. 


, 71,840 


8.425 


51,810 


16,382 


35,428 


6,819 


4,562 


291 


1,520 


446 


2,486 


2,300 


1,550 


225 


525 


1982 .. 


79,316 


9,141 


57,995 


18,483 


39.512 


7,267 


4,752 


334 


1,690 


500 


2,479 


2,425 


1,650 


250 


525 


1983 


87.204 


10,582 


63.403 


20,542 


42.861 


7,807 


4,960 


379 


1,881 


587 


2,737 


2,675 


1,850 


275 


550 


1984 


97,639 


11,572 


71,471 


23,163 


48,308 


8,503 


5,388 


458 


2,024 


633 


3,118 


2,975 


2.100 


300 


575 


1985 .. 


. 107.462 


12,998 


78,181 


26,485 


51,696 


9,504 


6,003 


538 


2,259 


704 


3,529 


3,250 


2,315 


335 


600 


1986 .. 


. 116,793 


13,533 


85.660 


30,936 


54.724 


10,600 


6,750 


600 


2,500 


750 


3,600 


3,400 


2,400 


375 


625 


1987 .. 


. 124.250 


15,000 


90,700 


33,000 


57,700 


11,150 


7,000 


670 


2,700 


780 


3,800 


3,600 


2,550 


400 


650 



• Performing sector 

SOURCE: National Science Foundation. National Patterns of Science and Technology Resources 1987 (forthcoming) 
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Appendix table 4-6. National R&D expenditures, by character of work: 1960-87 



Basic Applied Ba-ic Applied 

Z!i research research Development research research Development 

Millions of dollars Millions of constant 1 982 dollars' 

S1.197 S3.020 S9.306 3.868 9.758 30.068 

3.065 9.850 4.485 9.811 31.530 

^962 1.724 3.665 10.005 5.398 11,475 31,324 

|963 1.9C5 3.742 11,352 6.065 11.549 35.037 

^964 2.289 4,128 12,437 6.951 12.536 37,768 

1965 2.555 4.339 13.150 7.564 12.845 38.928 

1966 2.814 4.601 14.431 8.049 13,161 41 279 

1967 0,056 4,78C 15,310 8,503 13300 42 599 

1968 3,296 5,131 16,178 8,736 1<.599 42878 

1969 3,441 5.316 16.874 8,650 13,353 42,418 

19''0 3.549 5,720 16,865 8.444 13,609 40 126 

nil 3.672 5,739 17,265 8.274 12,932 38,903 

19'2 3,829 5,984 18,664 8.236 12,872 40.146 

1973 3,946 6,597 20,175 7,d65 13,317 40,725 

^974 4,239 7,228 21,397 7.S56 13,395 39.653 

^975 4,608 7,863 22,742 7,769 13,257 38,344 

1976 4,977 9,046 24,995 7,891 14,343 39,631 

1977 5,537 9,745 27,501 8.230 14.484 40 875 

978 6.392 10.844 30.893 8.851 15.015 42.776 

^979 7.257 12.372 35.304 9.236 15.746 44.933 

1980 8.079 14,050 40.464 9.425 16.391 47 205 

^981 9,180 16,877 45.783 9.770 17.962 48 726 

982 9.937 18,518 50.861 9.937 18.518 50.861 

1983 11,058 20,351 55,795 10,647 19,595 53 721 

1984 12,076 21,445 64,118 11,210 19,906 59,517 

l^oLL'^^'*''-' ^^-'-^^ ^^'^^'^ 70.916 11,893 20,980 63,791 

1986(Esl.) 14,309 25,020 77,464 12,546 21 938 67.S21 

1987(Est.) 14.815 26,095 83.34 0 ,■^,67Q 22,141 70,711 

' GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 

Mote: The National Science Foundation uses the following definitions of character ol work in its resource surveys. 
Basic research - Basic research has as its objective 'a fuller knowledge or understanding ol the subject under study, rather than a practical application thereof To lake 

into account industrial goals NSF modifies this definition (or the industry sector to indicate that bosic research advances scientific knowledge not havmg specific 
commercial objectives, although such investigations may be in fields of present or potential interest to the reporting company.' 

Applied research - Applied research is directf J toward* gaining -knowledge or understanding necessary for determining the means by which a recognized and specilic 
need n v be met" In industry applied research includes investigations directed "to the discovery of new scientific Knowledge having specific commercial oDiectives 
with respect to products or processes." 

Development - Development is the "systematic use of the knowledge or understanding gained from research, directed toward the production ol uselui materials, 
devices systems or methods, including design and development or prototypes and processes," 

SOURCE: National Science Foundation. National Patterns ol Science and Technology Resources, 1987 (forthcoming) 

See figure 0-5 in Overview S(.,on(.o & Engineenng lnd,cators-ly87 
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Appendix table 4-7. National research and development expenditures, by 
sector and character of work: 1985 



Baoic Applied 

SgclQf research research Development 

Millions o( dollars 

Universities and colleges' 6,377 2,572 555 

Non-profit institutions' 1.063 869 633 

Federally (unded ^search and development centers"^ 1 .221 1 ,777 3.063 

Federal government ^•961 3,148 7.889 

Industry' 2.600 14.958 58.776 

' Excludes federally funded research and developmenl centers. 

* Includes universit/'administered. rwnprolit-administered. and industry«administered FFRDCs 
SOURCES: National Science Foundation. National Patterns of Saence and Technology Resources. 1987 
(forthcoming): NSf; Federal Funds (or Research and Development, Vols 34 and 35; NSR Research and 
Development in Industry, 1985 

See figure 0-23 in Overview. Science & Engineenng Indicators— 1987 



Appendix table 4-8. Academic research and development and nonacademic basic research: 1960-87 

Academic research and development Nonactdemic basic research 

Millions of As a percent of Millions of As a percent of 

Current Constant Current Constant 

Year dollars 1982 dollars' Total R&D GNP dollars 1982 dollars' Total R&D GNP 

I960 646 2,077 4.78 0.13 764 2,464 5.65 0.15 

196, 763 2,427 5.33 0.14 865 2,762 6.04 0.16 

1962 904 2.825 5.87 0.16 1.065 3,332 6.92 0.19 

1953 .... 1.081 3,318 6.34 0.18 1,151 3,546 6.75 0.19 

1964 11 1.275 3,858 6.76 0.20 1,286 3,899 6.82 0.20 

1965 1.474 4,367 7.35 0.21 1,417 4,196 7.07 0.20 

1966 1,715 4,937 7.85 0.22 1.511 4,333 6.92 0.20 

1967 . 1,921 5,347 8.30 0.24 1,599 4,450 6.91 0.20 

1968 2,149 5,778 8.73 0.24 1.647 4,392 6.69 0.18 

1969 1.1. 2.225 5,676 8.68 0.23 1.730 4.379 6.75 0.18 

1970 2.335 5.629 8.93 0.23 1.753 4.197 6.71 0.17 

1971 2.500 5.726 9.37 0.23 1.758 3.993 6.59 0.16 

1972 [ \ [\ 2.630 5.710 9.24 0.2. 1.807 3.904 6.35 0.15 

1973 2.884 5.965 9.39 0.21 1.893 3.866 6.16 0.14 

1974 M 3.023 5.796 9.20 0.21 2.085 3.926 6.34 0.14 

1975 3.409 5.927 9.68 0.21 2.198 3.761 6.24 0.14 
^976 3.729 6.007 9.56 0.21 2.428 3.879 6.22 0.14 

1977 4.067 6.067 9.51 0.20 2.737 4.076 6.40 0.14 

1978 4.625 6.449 9.61 0.21 3.216 4.469 6.68 0.14 

1979 5.361 6.882 9.76 0.21 3.645 4.659 6.64 0.15 

1980 6.060 7.151 9.68 0.22 4.053 4.755 6.48 0.15 

1981 ][ 6.819 7.316 9.49 0.22 4.604 4.919 6.41 0.15 

1982 7.276 7.276 9.17 0.23 5.080 5.080 6.40 0.16 

1983 .] 7.807 7.490 8.95 0.23 5.789 5.565 6.64 0.17 

'1984 8.503 7.859 8.71 0.23 6.438 5.965 6.59 0.17 

1985 9.504 8.509 8.84 0.24 6.845 6.144 6.37 0.17 

1986 (Est ) 10.600 9.229 9.08 0.25 7.209 6.302 6.17 0.17 

1987 (Estl) 11.150 9.439 8.97 0.25 7.445 6.311 5.99 0.17 

» GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 

SOURCE: National Science Foundation. National Patterns 0/ Science and Technology Resources, 1987 (forthcoming), and unpublished data 

See figure 4'1. ' Science & Engineering Indicators— 1987 
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Appendix table 4>9. Nonacademic applied research: 1960-87 



Nonacademic' Research and 
applied research development 

Current Constant? Current Constant^ 

Jifl do"a^s dollars dollars dollars 

Millions of dollars 

^960 52.841 S9.168 $13,523 $43,648 

^96^ 2.873 9.181 14,316 45.764 

^962 3.460 10.827 15.394 48 176 

^963 3.515 10,833 17.059 52.585 

^964 3.896 11,819 18.854 57.202 

]9^5 4.060 12.022 20.044 59.351 

^966 4.273 12.245 21.846 62.589 

^9^7 • 4.406 12^260 23.146 64 406 

^9^^ 4.727 12.580 24.605 65.458 

^969 4.909 12.390 25.631 64.672 

^970 5.293 12.642 26.134 62.405 

971 5.265 11.919 2S.676 60.385 

^972 5.460 11.776 28.477 61 414 

1973 , 5.884 11.962 30.718 62 427 

^974 6.492 12.146 32.864 6l!467 

]975 7.012 11.928 35.213 59.883 

97<^ 8.030 12.793 39.018 62.134 

^ ^'^^^ ^2.912 42.783 63.653 

^978 9.631 13.362 48.129 66 769 

^979 10.907 13.914 54.933 70.077 

llf, 12.359 14.460 62.593 73.235 

l^ll 15.011 16.006 71.840 76.610 

nil - • 16.514 .6.514 79.316 79.316 

' 18.250 17.558 87.20^ 83.891 

^^^^ 19.055 17.673 97.639 90.542 

nil'"' 20.752 18.649 107.462 96.556 

22.120 19.370 116.793 102.236 

' 23.015 19^519 124.250 105.364 

» NatfOnal expenditures for app' )d research minus applied research funds spent at umverstlies and colleoes 
' GNP Implicit prtco deflators to convert currenl dollars to constant 1982 dollars. 

SOURCE Naiional Science Foundation. Natmal Patterns of oc/onco and Tochnofogy Resourcos. 1987 (forthcomtng) 
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Appendix table 4-10. Sources of support for academic research and development: 1960-87 

Industry 



Total 



Federal 
government 



State & local 
governments 



Institutional 
funds 



1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978' 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 (est.) . 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 . ... 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 ..... 
1978* .... 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 (est.) 



- Millions constant 1982 dollars^ 



All other 
sources 



646 


405 


Millions of dollars 

85 


40 


64 


52 


763 


500 


95 


40 


70 


58 


904 


613 


106 


40 


79 


66 


1.081 


760 


118 


41 


89 


73 


1.275 


917 


132 


40 


103 


83 


1.474 


1.073 


143 


41 


124 


93 


1.715 


1,261 


156 


42 


148 


108 


1.921 


1.409 


164 


48 


181 


119 


2.149 


1.572 


172 


55 


218 


132 


2,225 


1,600 


197 


60 


223 


145 


2,335 


1.647 


219 


61 


243 


165 


2,500 


1,724 


255 


70 


274 


177 


2.630 


1,795 


269 


74 


305 


187 


2.884 


1.985 


295 


84 


318 


202 


3.022 


2.032 


308 


95 


368 


219 


3.409 


2.288 


332 


113 


417 


259 


3,729 


2.512 


364 


123 


446 


285 


4.067 


2,726 


374 


139 


514 


314 


4.625 


3,059 


414 


170 


623 


359 


5.361 


3.595 


470 


194 


723 


374 


6,061 


4,097 


491 


237 


827 


408 


6.810 


4.557 


544 


291 


972 


445 


7,266 


4.747 


609 


333 


1.078 


499 


7.798 


4,953 


624 


378 


1,256 


587 


8.508 


5.386 


683 


461 


1,350 


629 


9.524 


5.998 


729 


543 


1,557 


698 


10.718 


6.633 


903 


667 


1.774 


740 


11,150 


7.000 


NA 


670 


NA 


NA 



2,087 


1.309 


275 


129 


207 


168 


2,442 


1.601 


304 


128 


224 


186 


2.830 


1,919 


332 


125 


247 


207 


3.336 


2.346 


364 


127 


275 


225 


3.872 


2,785 


401 


121 


313 


252 


4,364 


3,17e 


423 


121 


367 


275 


4,906 


3.607 


446 


120 


423 


309 


5,345 


3,920 


456 


134 


504 


331 


5.696 


4.166 


456 


146 


578 


350 


5.593 


4.022 


495 


151 


561 


365 


5,556 


3.919 


521 


145 


578 


393 


5.633 


3,885 


575 


158 


617 


399 


5,657 


3.861 


579 


159 


656 


402 


5,822 


4.007 


595 


170 


642 


408 


5,600 


3.766 


571 


176 


682 


406 


5.748 


3.858 


560 


191 


703 


437 


5.912 


3,983 


577 


195 


707 


452 


6.045 


4.052 


556 


207 


764 


467 


6.404 


4.236 


573 


235 


863 


497 


6,823 


4,576 


598 


247 


927 


476 


7.071 


4.780 


573 


276 


965 


476 


7.248 


4.850 


579 


310 


1.034 


474 


7,266 


4,747 


609 


333 


1.078 


499 


7.508 


4,769 


601 


364 


1.209 


565 


7,898 


5,000 


634 


428 


1,253 


584 


8,567 


5.395 


656 


488 


1,401 


628 


9.398 


5.816 


792 


585 


1,555 


649 


9.460 


5,939 


NA 


568 


NA 


NA 



(continued) 




243 



2 



Appendix table 4-10. (Continued) 

As a percent of total academic R&D — 

1960 100.0 62.7 13 2 6 2 

1961 100.0 65.5 12 5 5 2 

1962 100.0 67.8 11.7 4 4 

1963 100.0 70.3 10.9 3 8 

1964 100.0 71.9 10.4 31 

1965 100.0 72.8 97 28 

1966 100.0 73.5 9.I 24 

mi 100.0 73.3 8.5 2.5 

'If^ ■ 1000 73.2 8.0 2.6 

1969 100.0 71.9 8.9 2 7 

1970 100.0 70.5 94 2 6 

1971 100.0 69.0 102 2 8 

1972 100.0 68.3 102 28 

1973 100.0 68.8 10 2 2 9 

1974 100.0 67.2 10 2 3*1 

1975 100.0 67.1 9.7 3 3 

1976 100.0 67.4 9.8 33 

]IZ ■ 100-0 67.0 9.2 3:4 

1978' 100.0 66.1 90 37 

]Zl ■■■■■ 100-0 67.1 8.8 3.6 

1980 100.0 67.6 8.1 39 

1981 100.0 66.9 8 0 43 

■ 100-0 65.3 8.4 4:6 

1983 100.0 63.5 8.0 4 8 

100-0 63.3 8.0 5.4 

1985 100.0 63.0 77 57 

1986 100.0 61.9 84 62 

1987 (est.) 100.0 62.8 NA 6.0 

* Estimalad. based on data collected from doctorate -granting institutions only. 

* GNP deflator used to convert current to constant dollars. 

SOURCE: National Science Foundation. Academic Science and Engineering, R&D Funds, FY 1986. and unpublished data 

See figure 0.3^.0 Overview Sciences 



9.9 
9.2 
8.7 
8.2 
8.1 
8.4 
8.6 
9.4 
10.1 
10.0 
10.4 
11.0 
11.6 
11.0 
12.2 
12.2 
12.0 
12.6 
13.5 
13.6 
13.6 
14.3 
14.8 
16.1 
15.9 
16.3 
16.6 
NA 



8.0 

7.6 

7.3 

6.8 

6.5 

6.3 

6.3 

6.2 

6.1 

6.5 

7.1 

7.1 

7.1 

7.0 

7.2 

7.6 

7.6 

7.7 

7.8 

7.0 

6.7 

6.5 

6.9 

7.5 

7.4 

7.3 

6.9 

NA 
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Appendix table 4-11. Federal obligations for academic research and development, by agency: 1S57-87 



All Total Other 

Year agencies agencie s DOE' POD NIH NASA NSF USDA agencies 

■ Millions of dollars 





$1,454 


SI ,240 


$90 


8280 


S478 


Si 19 


S209 


S64 






1.487 


1,252 


93 


244 


525 


108 


221 


61 


2o5 


1969 


1,529 


1.273 


101 


263 


535 


99 


213 


62 


25d 


1970 


1,476 


1,238 


100 


2^S 


518 


111 


228 


65 


238 


1971 


1,645 


1,366 


94 


211 


603 


1 19 


267 


72 




1972 


1,904 


1,641 


85 


217 


756 


134 


362 


87 


2oo 


1973 


1,917 


1,647 


83 


204 


761 


131 


Of A 








O Oi A 






1Q7 


1 097 


1 ^xJ 




95 


287 


1975 


2,411 


2,086 


132 


203 


1,077 


131 


435 


108 


325 


1976 


2,552 


2,251 


145 


240 


1,185 


124 


437 


120 


301 




2,905 


2,541 


188 


273 


1,311 


118 


511 


140 


364 


1973 


3,375 


2,966 


240 


383 


1.493 


127 


537 


186 


409 


1979 


3,889 


3.419 


260 


438 


1,765 


139 


617 


200 


470 


1980 


4,263 


3,727 


285 


495 


1,888 


158 


685 


216 


536 


1981 


^466 


3,973 


300 


573 


1,984 


171 


702 


243 


493 




4,605 


4,123 


277 


664 


2.026 


186 


715 


255 


482 


1983 


4,966 


4,532 


297 


724 


2.264 


189 


783 


275 


434 




5,565 


5.074 


321 


830 


2,560 


222 


380 


261 


491 


1985 


6,299 


5,765 


357 


940 


2,918 


255 


1,002 


293 


534 


1986 (Est.) 


6,555 


6,001 


328 


1,074 


3,033 


305 


99^. 


267 


554 


1987 (Est.) 


6,559 


6,097 


315 


1,232 


2,846 


325 


1,143 


236 


462 



Millions constant 1982 dollars^ 





4.048 


3,451 


250 


779 


1,330 


331 


582 


:78 


596 


1968 


3,998 


3,366 


250 


656 


1,412 


290 


594 


164 


632 




3,901 


3,247 


258 


671 


1.365 


253 


543 


158 


653 




3,558 


2,985 


241 


521 


1,24S 


268 


550 


157 


574 




3,768 


3,129 


215 


483 


1,381 


273 


612 


165 


639 


1972 


4,134 


3,563 


185 


471 


1,641 


291 


786 


189 


571 




3,965 


3,406 


172 


422 


1,574 


271 


774 


194 


558 


1974 


4,245 


3,694 


180 


378 


1,969 


240 


746 


182 


550 




4,192 


3.627 


229 


353 


1,872 


228 


756 


188 


565 


1976 


4,111 


3,626 


234 


387 


i,yo9 


200 


704 


193 


485 




4,334 


3,791 


280 


407 


1,956 


176 


762 


209 


543 


1978 


4,706 


4,136 


335 


534 


2.082 


177 


749 


259 


570 




4,992 


4,389 


334 


552 


2,266 


178 


792 


257 


603 




5,031 


4,398 


336 


584 


2,228 


186 


808 


255 


633 




4,791 


4,262 


322 


615 


2,129 


183 


753 


261 


529 


1982 


4,605 


4,123 


277 


664 


2,026 


186 


715 


255 


482 




4,764 


4,348 


285 


695 


2,172 


181 


751 


264 


416 




5,144 


4.690 


297 


767 


2,366 


205 


813 


241 


454 




5,640 


5,162 


320 


842 


2,613 


228 


897 


262 


478 


1986 (Est.) 


5,707 


5,225 


286 


935 


2,641 


266 


865 


232 


482 




5,552 


5,161 


267 


1.043 


2,409 


275 


968 


200 


^91 



* Atomic Energy Commission. 1967-73. Energy Research and Development Admin;3tration, 1974-76, Depo.1.t<ent of Energy 1977-87. 
^ GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 

SCXJRCE; National Science Foundation, Federal Funds for Research and Development, Detailed Historical Tables, FY 1955-87 
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Appendix table 4-12. Forms of Federal support for academic science and engineering, and NIH indirect cost ratio: 

1966-86 





Fellowships. 










Research & 


tialneeships 


General 






NIH 


development 


& iraining 


support 


Other sfe 


Research & 


Indirect 


plant 


grants 


for sfe 


activities 


development 


cost ratio* 



1966 
1967 
1968 
1969 

1970 
1971 
1972 

1973 , 

1974 . 

1975 . 

1976 . 

1977 . 

1978 . 

1979 . 

1980 . 

1981 . 

1982 . 

1983 . 

1984 . 

1985 . 

1986 . 



• Thousands of dollars ■ 



(Percent) 



114,767 


360.560 


{') 


431.031 


1,252,146 


15.3 


111,309 


447,236 


{') 


464.008 


1.301,242 


16.9 


96,148 


440,895 


{') 


414,469 


1,398,305 


19.1 


54.516 


436.270 


{') 


395,932 


1.474.681 


20.9 


44,778 


429,408 


{') 


266.775 


1.446,618 


22.2 


29,942 


421,029 


99,669 


212.369 


1,551,391 


22.6 


36,917 


387,888 


83,288 


211,592 


1.852,963 


20.6 


43,338 


287.210 


38.954 


210.788 


1.870,690 


23.2 


29,009 


326,600 


86,974 


205,691 


2.085,204 


24.4 


44,787 


201.273 


46,353 


262,256 


2,246,088 


25.9 


23,899 


174,871 


74,483 


252,223 


2.430.970 


26.7 


36,471 


184.671 


75,928 


247,968 


2.803.017 


27.2 


34,328 


205,925 


74,398 


254.505 


3.385,770 


27.2 


32,068 


204.866 


92,483 


262.985 


3.873,514 


27.8 


37,780 


210.121 


91,541 


287.21 1 


4,159,857 


28.6 


27.694 


205,448 


92,721 


321.499 


4,410.199 


29.5 


31,200 


176,582 


80.137 


336,387 


4,553.755 


30.0 


37,547 


189,616 


94,847 


331,769 


5.023.677 


30.5 


49.764 


194,895 


112,588 


396.432 


5.634.400 


31.2^ 


113.932 


253,082 


119,171 


389.746 


6,368,608 


31. 7^ 


105,827 


246,196 


111.130 


392,698 


6,538,280 


NA 



«Themdfrectcostrateisthepercentoftota!grantsupportwhi^^ The NIH rat.o .s used here as a proxy for all Federal research. Other 

estimates are tovi-er See. for example. General Accounting Office. ^University Finances. Research Revenues arKl Expenditures. GAO'RC£D.86-162BR July 1986 
which estimates the all-agency indirect cost rate in 1984 at 25 percent (p, 30) • / . 

^ Not separately classified, included under other science/engineering activities, 
' Prqected. 

SOURCES- National Science Foundation. Federal Supportto Universities. Colleges, and Selected Nonprofit institutions. FY 1985, National In Mutes of Health Federal 
Assistance Accounting Branch 



See figure 4-2. 
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Appendix table 4-13. Sources of support for nonacademic' basic research: 

1960-87 



Other 

Federal Nonprofit 

Year Total Government Industry institutions 

Millions of dollars 

1960 S764 S416 $318 S30 

1961 865 492 336 37 

1962 1,065 650 369 46 

1963 1,151 701 400 50 

1964 1,286 830 409 47 

1965 1,417 930 435 52 

1966 1,511 970 483 58 

1967 1,599 .077 461 61 

1968 1,647 1,085 499 63 

1969 1.730 1.162 501 67 

1970 1.753 1,193 488 72 

1971 1.758 1,180 501 77 

1972 1,807 1,213 510 84 

1973 1,893 1,255 548 90 

1974 2,085 1,389 590 106 

1975 2,198 1,445 633 120 

1976 2,428 1,595 698 135 

1977 2,737 1.816 771 150 

1978 3,216 2,181 865 170 

1979 3,645 2,472 978 195 

1980 4,053 2,708 1,130 215 

1981 4,604 2,961 1.418 225 

1982 5.090 3,250 1.615 215 

1983 5.789 3.737 1.832 220 

1984 6,438 4,110 ^103 225 

1985 6.845 4.359 2,256 230 

1986 (Est.) 7,209 4,570 2,399 240 

1987 (Est.) 7,445 4,665 2,530 250 

Millions constant 1982 dollars^ 

1960 S2.468 Si ,344 SI ,027 S97 

1961 2,769 1,575 1.076 118 

1962 3,334 2,035 1,155 144 

1963 3,552 2,164 1,235 154 

1964 3,905 2,520 1.242 143 

1965 4.195 2,753 1.288 154 

1966 4.322 2.775 1.3^2 166 

1967 4,449 2.997 1,283 170 

1 968 ! 4,365 2.876 1 ,323 1 67 

1969 4,349 2,921 1,259 168 

1970 4.171 2,838 1.161 171 

1971 3,961 2,659 1,129 174 

1972 3,887 2,609 1.097 181 

1973 3,821 2,533 1.106 182 

1974 3,864 2,574 1.093 196 

^975 3,706 2,436 1 ,067 202 

1976 3,850 2,529 1,107 214 

1977 4,068 2.699 1,146 223 

1978 4,453 3,020 1,198 235 

1979 4.639 3,146 1,245 248 

1980 4,720 3.159 1,318 251 

1981 4,900 3,151 1.509 239 

1982 5,090 3,250 1,615 215 

1983 5,574 3,598 1.764 212 

1984 5,976 3,815 1,952 209 

1985 6,157 3,921 2.029 207 

1986 (Est.) 6,321 4,007 2.103 210 

1987 (Est.) 6.317 3^58 2^147 212 

» Expenditures for basic research mmus basic research funds sent to universities and colleges 

^GNP implicit price deflators used to convert current dollars to constant 1982 dollars 

SOURCE: National Science Foundation, National Patterns of Science and Technology Resources. 1987 

(forthcoming) ^ ^ _ . . ^ 
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Appendix table 4-14. Federal obligations for basic research at FFRDC's, by 

agency; 1967-88 



^" All other 

agencies DOE' POD NIH NASA NSF agencies 



Millions ni dollars 



AQK7 




$207 


S2 


$0 


$14 


SI 7 


$2 


1 




202 


4 


0 


28 


21 


2 


^QRQ 




199 


4 


0 


21 


25 


3 


1 Q7n 




203 


2 


0 


39 


24 


2 


1Q71 




200 


0 


0 


27 


30 


1 


1 QTO 




201 


1 


1 


49 


42 


0 


1 0*70 




213 


1 


1 


23 


34 


0 


1 Q7A 




209 


5 


2 


4 


40 


1 


1975 




occ 
doo 


o 

c 


10 


12 


40 


1 


1976 


353 


276 


1 


19 


9 


45 


1 


1977 


. . 383 


316 


1 


8 


10 


46 


0 


1978 


428 


345 


2 


16 


9 


55 


0 


1979 


467 


358 


10 


18 


12 


69 


0 


1980 


515 


395 


25 


18 


^6 


61 


0 


1981 


572 


437 


31 


19 


12 


73 


0 


1982 


613 


491 


6 


23 


19 


74 


0 


1983 


632 


558 


11 


19 


18 


76 


0 


1984 


752 


607 


14 


20 


19 


91 


0 


1985 


823 


672 


13 


21 


24 


87 


6 


1986 


822 


675 


11 


^6 


22 


83 


4 


1987 (Est.) 


912 


744 


15 


32 


24 


92 


4 


1988 (Est.) 


987 


814 


7 


28 


35 


99 


4 



As a percent or all agencies 



1967 


100.0 


85.6 


0.9 


0.0 


57 


7.0 


0.9 


1963 


100.0 


78.3 


1.5 


0.1 


10.8 


8.3 


0.9 


1969 


100.0 


78.8 


1.8 


0.0 


8.5 


9.7 


1.2 


1970 


100.0 


75.2 


0.7 


0.1 


14.5 


8.9 


0.6 


1971 


100.0 


77.3 


0.2 


0.2 


10.6 


11.6 


0.2 


1972 


100.0 


68.2 


0.2 


0.3 


16.8 


14.5 


0.0 


1973 


100.0 


78.4 


0.5 


0.3 


8.3 


12.5 


0.0 


1974 




80.2 


1.9 


0.7 


1.4 


15.3 


0.4 


1975 


100.0 


79.8 


0.5 


3.1 


3.8 


12.4 


0.3 


1976 


100.0 


78.3 


0.4 


5.5 


2.7 


12.7 


0.4 


1977 


100.0 


82.7 


0.3 


2.2 


2.6 


12.1 


0.1 


1978 




80.6 


0.4 


3.7 


2.2 


13.0 


0.1 


1979 




76.6 


2.1 


3.9 


2.6 


14.8 


0.0 


1980 




76.8 


4.9 


3.4 


3.1 


11.8 


0.0 


1981 




76.4 


5.5 


3.2 


2.2 


12.7 


0.0 


1982 


100.0 


80.1 


0.9 


3.7 


3.1 


12.1 


0.0 


1983 


100.0 


81,9 


1.6 


2.7 


2.6 


11.1 


0.1 


1984 


100.0 


80.7 


1.8 


2.7 


2.6 


12.2 


0.0 


1985 




81.6 


1.6 


2.6 


2.9 


10.5 


0.7 


1986 




82.2 


1.3 


3.2 


2.7 


10.1 


0.5 


1987 (Est.) 


100.0 


81.6 


1.7 


3.5 


2.7 


10.1 


0.5 


1988 (Est.) 


100.0 


82.5 


0.7 


2.8 


3.6 


10.0 


0.4 



* Atomic Energy Commission. 1967-1973: Energy Research and Development Administration. 1974-1976. 
Department of Energy. 1977-present. 

SOURCES: National Science Foundation. Federal Funds for Research arid DevelopmeriL FY 1986, 1987, and 
1988. Vol. XXXVI; National Science Foundation. Federal Funds for Research and Development- De'tatled 
Historical Tables: FY 1955-1987 
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Appendix table 4-15. Federal obligations for basic research to intramural 
performers, by agency: 1967-87 



/^ll All Other 

agencies DOE* DO NI H NASA NSF USDA agencies 

Millions of dollars 



1967 


3435 


$5 


$82 


S65 


ifcl lU 


C1 1 

C)l 1 


obo 


^QQ 


1968 


432 


2 


86 


75 


oo 

OO 


1 1 


R7 
Ol 


lUO 


1969 


532 


2 


90 


85 


1 CO 

ibo 




77 


111 
1 1 1 


1970 


558 


1 


148 


88 


"'34 


1 1 


QC 
OD 


Q1 

y 1 


1971 


565 


1 


141 


107 


■1 OQ 


i A 

14 


Q7 
Of 


ft7 
Of 




597 


1 


153 


120 


loo 




Q7 


7Q 
1 y 


1973 


608 


1 


144 


125 


141 


Q 

O 




oy 


1974 


696 


2 


145 


149 




4o 


KIO 


ft7 

Of 


1975 


71/1 




143 


164 


173 


38 


107 


109 


1976 


786 


0 


162 


187 


147 


58 


120 


;i2 


1977 


914 


1 


166 


204 


192 


75 


144 


132 


1978 


1,029 


7 


164 


245 


221 


77 


161 


154 


1979 


1,089 


5 


183 


281 


221 


57 


169 


173 




1,182 


6 


199 


320 


225 


68 


180 


184 


1981 


1,302 


6 


226 


335 


216 


99 


202 


218 


1982 


1,466 


7 


246 


405 


251 


112 


219 


226 


1983 


1,690 


18 


276 


449 


305 


126 


239 


277 


1984 


1,861 


11 


303 


479 


345 


130 


274 


319 


1985 


1,961 


21 


301 


543 


318 


138 


296 


344 


1986 


2,018 


25 


308 


579 


363 


126 


293 


323 


1987 (Est) ... 


2,218 


34 


271 


700 


418 


131 


313 


351 


1988 (Est.) .. 


2,176 


24 


290 


608 


418 


157 


330 


349 



As a percent of all agencies 



1967 


100.0 


1.1 


18.9 


14.9 


25.3 


2.5 


14.5 


22.8 


1968 


100.0 


0.5 


19.9 


17.4 


20.4 


2,5 


15.5 


23.8 


1969 


100.0 


0.4 


16.9 


16,0 


28.8 


2.6 


14.5 


20.9 


1970 


100.0 


0.2 


26.5 


15.8 


24.0 


2,0 


15.2 


16.3 


1971 


100.0 


0.2 


25.0 


18.9 


22.7 


2.5 


15.4 


15.4 


1972 


100.0 


0.2 


25.6 


20.1 


22.3 


2.3 


16.2 


13.2 


1973 


10. •) 


0.2 


23.7 


20.6 


23.2 


1.3 


16.4 


14.6 


1974 


100.0 


0.3 


20.8 


21.4 


23.6 


6.6 


14.8 


12.5 


1975 


100.0 


0.0 


19.5 


22.3 


23.6 


5.2 


14.6 


14.9 


1976 


100.0 


0.0 


20.6 


23.8 


18.7 


7,4 


15.3 


14.2 


1977 


100.0 


0.1 


18.2 


22.3 


21.0 


8.2 


15.8 


14.4 


1978 


100.0 


0.7 


15.9 


23.8 


21.5 


7/ 


15.6 


15.0 


1979 


100.0 


0.5 


16.8 


25.8 


20.3 


5.2 


15.5 


15.9 




100.0 


0.5 


16.8 


27.1 


19.0 


5.8 


15.2 


15.6 


1981 


100.0 


0.5 


17.4 


25.7 


16.6 


7.6 


15.5 


16.7 


1982 


100.0 


0.5 


16.8 


27.6 


17.1 


7.6 


14.9 


15.4 


1983 


100.0 


1.1 


16.3 


26.6 


18.0 


7.5 


14.1 


16.4 


1984 


100.0 


0.6 


16.3 


25.7 


18.5 


7.0 


14.7 


17.1 


1985 


100.0 


1.1 


15.3 


27.7 


16.2 


7.0 


15.1 


17.5 


1986 


100.0 


1.2 


15.3 


28.7 


18.0 


6.2 


14.5 


16.0 


1987 (Est) ... 


100.0 


1.5 


12.2 


31.6 


18.8 


5.9 


14.1 


15.8 


1988 (Est.) 


100.0 


1.1 


13.3 


27.9 


19.2 


7.2 


15.2 


16.0 



« Atomic Energy Commission. 1967-1973: Energy Research and Development Administration. 1974-1976. 
Department of Energy, 1977-present. 

SOURCES: National Science Foundation. Federal Funds for Research and Development FY 1986. 1987. and 
1988, Vol XXXVI: National Science Foundation. Federal Funds for Research and Development Detailed 
Historical Tables: FY 1955-1987 
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Appendix table 4-16. Expenditures for basic research in industry, by sourc e of funds: 1960-87 

Current dollars Constant 1982 dollars' percent 

^ Total Federal Nonfederal Total Federal Nonfederal Federal Nonfederal 

Millions of dollars Z^Z 

S =^297 S1.215 S255 S960 21.0% 79.0% 

395 81 314 1,264 259 1.005 20 5 79 5 

S" til U7 It 0.7 

964 Ill f 11": 1.157 28.2 71.8 

^^^^ 549 165 384 1,667 501 1,166 30.1 69.9 

592 186 406 1.753 551 1 202 31 4 fifl fi 

624 173 451 1.785 495 ' So 277 723 
629 202 427 1,750 562 1 188 32 1 679 

^^^^ 618 160 458 1.554 402 1,151 25.9 74 1 

Z\ So \Z '-'^^ ^•°56 26.2 73.8 

972 ■ 59? Z ''^^^ ^•°27 22.7 77.3 

973 If, 30 463 1.276 280 996 21.9 78.1 

974 699 III til ^-""^ 20.9 79.1 
^^^^ 699 163 536 1.295 302 993 23.3 76 7 



1975 730 157 573 



1-'^31 265 966 21.5 78.5 



819 185 634 1.299 293 1.005 22 6 77 4 

IIU, 911 210 701 1.354 312 1 042 23 1 76 9 

Zl 1.035 250 785 1.433 346 24 2 75 8 

'^^^ 1.158 265 893 1,474 337 1.137 2^9 /7.1 

,^^fO 1.325 290 1.035 1,546 338 1 207 21 9 78 1 

]Z ]-61^ 301 1.313 1.718 320 i^' VbI 

1.880 380 1,500 1.&80 380 1.500 20 2 79 8 

9^8'^ fl'l ,^60 1,692 2,072 443 1.629 2?.4 1.6 

'^'^^ 2.628 476 2,152 2.364 428 1 936 ifl 1 ai o 

1986 (Est. 2,794 524 2,270 2.450 459 So 8 8 8 2 

1987 (ES..) 3,000 600 2^00 2,545 509 2,036 Z si.O 



Note: Data Include federally funded R&D centers administered by industry Detail may not c-dd to totals because of rounding. 
' GNP implicit price deflators used to con\«.rt current dollars to constant 1982 dollars, 

SOURCES: 1 960-64- National Science Foundation. National Patterns of Science and Tectinoloov Resources iqri fNqp si ii 1 1 n ->, a., m .• ■ o 
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Appendix table 4-17. Federal obligations for basic research in Industry, by 

agenc y: 1967-88 

All All other 

Year agencies DOE' POD NIH NASA NSF agencies 

Millions of dollars 

1967 $181 $2 $28 $10 $138 $2 $2 

1958 195 2 21 8 163 1 1 

1969 185 2 1 8 5 1 54 2 5 

1970 185 1 30 6 146 1 1 

1971 167 1 42 7 114 1 1 

1972 151 1 37 10 97 2 4 

1973 176 0 35 11 125 3 2 

1974"" 124 1 38 16 64 3 3 

1975 119 0 42 11 53 6 6 

1976 131 0 41 14 66 6 3 

1977 208 1 51 13 135 5 4 

1978 248 2 57 14 153 12 9 

1979 277 2 66 19 175 6 9 

1980 .... 325 4 88 18 195 11 10 

1981 293 7 77 18 161 20 11 

1982 271 6 100 13 119 20 12 

1983 305 25 105 20 127 21 7 

1984 394 22 91 28 215 24 1 4 

1985 404 23 92 27 210 32 20 

1986 545 19 94 34 314 58 27 

1987 (Est.) 647 36 91 41 383 61 35 

1988 (Est.) 571 27 99 35 ZOO 73 36 

As a percent of all agencies 

1967 100.0 1.0 15.6 5.3 76.3 0.8 0.9 

1968 100.0 0.9 10.7 3.9 83.4 0.6 0.5 

1969 100.0 0.9 9.5 2.8 83.4 0.8 2.5 

1970 100.0 0.6 16.0 3.2 79.0 0.5 0.6 

1971 100.0 0.6 25.4 4.0 68.6 0.7 0.6 

^972...^ 100.0 0.4 24.4 6.8 64.3 1.2 3.0 

1973 100.0 0.1 20.1 6.2 71.2 1.4 1.1 

1974 100.0 0.5 30.4 12.6 51.7 2.3 2.4 

1975//".. 100.0 0.1 35.3 9.6 45.0 5.5 4.7 

1976!!....!. 100.0 0.2 31.4 10.8 50.2 4.8 2.6 

1977 100.0 0.3 24.5 6.1 64.7 2.4 2.0 

1978 100.0 0.7 23.2 5.7 61.8 4.9 3.7 

1979 100.0 0.7 23.8 7.0 63.0 2.3 3.3 

1Q8O 100.0 1.3 26.9 5.4 59.8 3.4 3.1 

1981 100.0 2.5 26.1 6.2 54.9 6.7 3.6 

1982 100.0 2.4 37.0 4.9 43.9 7.4 4.4 

1983.... 100.0 8.3 34.2 6.6 41.7 6.9 2.4 

1984 100.0 5.5 23.0 7.1 54.4 6.2 3.7 

19B5 100.0 5.7 22.9 6.6 51.9 8.0 4.9 

1986 100.0 3.5 17.2 6.2 57.6 10.7 4.9 

1987 (Est.) 100.0 5.6 14.1 6.3 59.2 9.4 5.4 

1988 (Est.) 100.0 4.8 17.4 6.2 52.5 12.8 6.3 

» Atomic Energy Commission. 1967-1973; Energy Research and Development Administration, 19^" 1976. 
Department of Energy, 1977-present. 

SCXJRCE: National Science Foundation, Federal Funds for Research and Cevelopment, Detailed Historical 
Tables: FY 1955-1987; National Science I oundation. Federal Funds for Resear^.h and Development, FY 1986, 
1987, and 1988, vol. XXXVI 
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Appendix table 4-18. Federal obligations for basic research, by field: 1976-88 



Field 
Total 

Total sciences 

Physical sciences 
Chemistry . . 
Physics 

Math & Computer 

sciences 



1976 



1977 



19/8 



1979 



Environmental 

sciences 

Atmospheric 

sciences . . 
Geological 

sciences . 
Oceanography 

Life sciences 

Psychology 

Social sciences . 

Other sciences . . 

Total engineering , . , 



1980 



1981 



1982 



1983 



1984 



1985 



1986 



1987 
(Est) 



-Thousands of dollars ■ 



1988 
(Est.) 



2.767,454 3.258.640 3.698.604 4.192.665 4.674.156 5.041.295 5.481.605 6.260.131 7,067.359 7.818.682 8.153.0,5 8.821.058 9 134074 

2.494.655 2.920.957 3.306.043 3.758.007 4.208.928 4.515.277 4.871.138 5.570.628 6.222.368 6.931.850 7.184.568 7.799.038 8.079.389 

IVotll onocnf ''^^'^^^ ' '^20.588 1.324.: 1.393,844 1,587.183 1.727.982 1.813.988 1 914 426 2 1 22 818 2 187 57P 

168.265 208.695 203.260 224.798 256.922 298.188 312.002 362.188 403.367 420847 433359 464253 47^*^Q^ 

388.440 467.414 518.798 535.624 668.155 735.417 790.741 855.104 11''^ 962.805 l.oS'S l.lot'^O l.S 



Environmental 

sciences 

Atmospheric 

sciences . . . , 
Geological 

sciences . . . . 
Oceanography 

Life sciences 

Psychology 

Social sciences .... 

Other sciences . , 

Total engineering 

Total 

Total sciences 

Physical sciences 
Chemistry . . 
Physics 

Math & Computer 
sciences . . . . 



81.805 



294.325 



83.408 
387.454 



97.737 
451.278 



104.164 
457.284 



116.258 140.360 



165.064 208,129 240.806 260.633 293.389 299.972 332.547 



114.007 


143,464 


163.275 


169.172 


179.048 


173.829 


163.195 


172.633 


95.705 
76.580 


128.720 
104.593 


145,114 
120.720 


157.603 
119.110 


198.335 
130.678 


194.205 
143.294 


177.487 
154.465 


178.292 
195.615 


1.222,015 


1.383.365 


1.588.390 


1.891.777 


2.054.425 


2.223,848 


2.526.017 


2,891.336 


45.529 


55.717 


67.473 


75,069 


84.206 


90.992 


89.875 


92.927 


86.426 


95,513 


124,347 


129.718 


147.180 


136,951 


120.198 


137.723 


43.120 


25.506 


35.397 


49.993 


63.911 


65.353 


56.091 


73,280 


272.799 


337.683 


392.561 


434.658 


465.228 


526.C;8 


610.467 


689.503 


4.457.883 


4.861.465 


5.157.005 


5.382.112 


Thousands of 

5.515.879 5.408.534 


constant 1982 dollars' 
5.481.605 6.006.074 


4,018.452 


4.357.686 


4.609.653 


4.824.142 


4.966.873 


4.844.198 


4,871.138 


5.344.553 


1.162.105 
271.045 
625.709 


1.327.755 
311.346 
697.321 


1,312.634 
283.408 
723.366 


1.347.884 
288.573 
687.579 


1.440.392 
30:). 189 
788.477 


1.421.457 
319.910 
788.989 


1.393.844 
312.002 
790.741 


1.522.770 
347.489 
820.401 



656,731 


699.675 


749.093 


794.858 


878.382 


192.172 


209.215 


240.417 


257.951 


275.003 


198.010 


249.988 


265.478 


267.905 


300.168 


220.131 


219.258 


224.304 


249.040 


283.755 


3.287.634 


3.807.527 


3.85a783 


4.168.840 


4.270.998 


107.861 


130.092 


132.955 


150.287 


146.735 


132.581 


141.208 


113.464 


131.480 


133.165 


68,773 


78.727 


122,458 


130.783 


129.990 


844.991 


886.832 


968.508 


1.022.020 


1.054.68b 



6.532.359 7.000.342 7.098.891 7.467.246 7.423.059 

5.751.334 6,205.330 6.255.610 6.602.081 6.565.940 

1.597.173 1.624,127 1.666.892 1.797.019 1J77,79l 

372.832 376.799 377.326 393.002 386.343 

851.678 862.033 873.629 934.741 955.088 



131.774 124.434 136,276 133.715 137.194 150.585 165,064 199.682 222.577 233.354 255.454 253.934 270.254 



474.106 
183.645 



578.031 
214.030 



629.222 
227.656 



587.014 
217.166 



616.427 
211.291 



154.164 
123.357 



192.033 
156,039 



202.315 
152.901 



234.051 
154,211 



202.334 
168,321 

1,968.452 2.063.800 '^214,710 2.428.469 2.424.386 

73.339 83.122 94.078 96.366 99.370 

1 39.21 7 1 42.493 1 73.378 1 66.5 1 9 1 73.684 

69.459 38.052 49.354 64.176 75.420 

439,431 503,779 547.352 557.069 549.006 



571.648 520.049 556,510 607,016 626,444 652.236 672.867 713.842 

186.492 163,195 165.627 177.625 187.318 209,331 218.362 223.489 

208.352 1 77.487 171.056 183.021 223,823 231.152 226,788 243.940 

153.732 154.465 187.676 203,467 196.309 195.302 210.819 230^601 

2.385.847 2.526.017 2.773,996 3.038.760 3.409.013 3,359,846 3.529.027 3.470.945 

97.620 S9.875 89.156 99.696 116.476 115,764 127.222 119.248 

146.927 120.198 132.134 122.545 126.429 98.793 111.301 108.220 

70,114 56.091 70.30 6 63.567 70.487 106.6' i 110.711 105,640 

564.336 610.467 661.521 781.025 794,012 843.281 865.165 857,119 



* GNP implicit price deflator 

SOURCE' National Science 
Research and Oovofopmeni 

ERIC 



used to convert current to constant dollars. 

Foundation. Federal Funds for Research and Devotopmoni. Detailed 
FY 1986. 1987, and 1988, vol XXXVI 



Historical Tables, FY 1955*87: National Science Foundation. Federal Funds lot 
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Appendix table 4-19. Expenditures fo r research and development by universities and colleges, by field: 1976-86 
1981 1982 1983 1984 1985 



1976 



1977 



1978 



1979 



1986 



- Thousands ol dollars - 



Total 

Total sciences 

Physical sciences 
Astronomy 
Chemistry 
PhySiCL 

Other physical sciences 

Environmental sciences 
Atmospheric 
Earth sciences 
Oceanography 
Other environmental 
sciences 

Mathematical sciences 

Computer sciences 

Life sciences 
Agricultural sciences 
Biological sciences 
Medical sciences 
Other lite sciences 

Psychology 

Social sciences 
Econom.cs 
Political science 
Sociology 

Other social sciences 

Other sciences 

Total engineering 
Aeronautical and astionautical 
Chemical 
Civil 

Electrical 
Mechanical 
Other engineering 



S3.729.007 

3,297.280 

379 379 
26.294 
140 142 
183 050 
29.893 

288.531 
NA 
NA 
NA 

NA 

42.491 

44.503 

2.101.695 
412.867 
710.724 
897.376 
80.728 

77 888 

252.261 
65.447 
28.355 
66 246 

102.213 

100.532 

431.727 
NA 
NA 
NA 
NA 
NA 
NA 



S4.066.953 S4.624.673 S5.36l.408 S6.060.629 S6.809.552 S7.266.122 S7798.179 S8.608.380 S9.527.293 SlO 718.402 
3.568.480 4.023 611 



Total 

Total sciences 

Physical sciences 
Astronomy 
Chemistry 
Physics 

Other physical sciences 

Environmental sciences 
Atmospheric 
Earth saences 
Oceanography 
Other environmental 
scieiKes . 

Mathematical sciences 

Computer sciences 

L-fe sciences 
Agricultural sciences 
Biological sciences 
Medical sciences 
Other life sciences 

Psychology . 

Social sciences 
Economics . 
Political science 
Sociology 

Other social sciences 

Other sciences 

Total engineering 
Aeronautical and astronauttcal 
Chemical - 

Civil 

Electrical . 
Mechanical - . 
Other engineering 



423.457 
32.361 
159.353 
201.655 
30 088 

3^9.398 
NA 
NA 
NA 

NA 

52.312 

55.563 

2.258.806 
460.647 
772.290 
950.907 
74.962 

85.133 

268X)87 
72.124 
32.314 
61.939 

101.710 

105 724 

498.473 
NA 
NA 
NA 
NA 
NA 
NA 



496.399 
36.782 
183.131 
235.099 
41.387 

379.391 
NA 
NA 
NA 

NA 
58.756 
67.422 

2.538.004 
521.745 
808 500 

1 129.652 
79.107 

89.664 

277.497 
79.129 
36 571 
66.900 
94.897 

116.478 

601 .062 
NA 
NA 
NA 
NA 
NA 
NA 



4.t>93.00l 


5.195.705 


5 848.875 


6 240 609 


6,687.368 


7.301.276 


8 /576 


9.109.309 


601.904 


677.293 


764.673 


822.584 




QQ1 Ql7 


1 lOO qi'i 


1.261.376 


48.459 


58.740 


67,337 


73.237 


74 177 


80.457 


91.049 


96.335 


206.421 


243.982 


283.899 


308.091 


334.663 


367.843 


411.615 


460.084 


292.033 


322.230 


356.859 


365.897 


414.165 


ARQ AfXI 


CCA r\Ati 


622.296 


54,991 


CO tA i 


66.578 


75.359 


74.094 


74.215 


81.204 


82.661 


45r.9l5 


509.038 


548.920 


557.817 


618.962 


649 601 


705.357 


774.177 


NA 


67.459 


78.257 


85.443 


97.660 


102.875 


109.549 


124.826 


NA 


188.226 


189.692 


195.507 


216.159 


225 525 


250.534 


261.849 


NA 


171,668 


i87.463 


197.701 


001 QQ^ 


238 157 




275.524 


NA 


8l»685 


93.508 


79.166 


81.149 


83.044 


84.968 


111.978 


78.477 


78.667 


88.793 


98.568 


108.038 


124.398 


129.799 


152.204 


97.921 


114.196 


132.884 


149.259 


175 236 


222.480 


279.181 


« e OCA 

315.360 


2.832.523 


3.217.658 


3.670.596 


3.969.593 


4.233.143 


4.617.226 


5.155.422 


5.746.125 


602.485 


679.880 


772.434 


844.040 


895.520 


930.245 


1.028.549 


1.122.363 


914.806 


1 .030.429 


1.186.333 


1.286. 54B 






1.697.690 


1.832.910 




1/11/1 lAf^ 




1.717.072 


1.801.576 


1.989.80 


2.259.525 


2.578.240 


77.676 


93.004 


1 1 2.626 


121.933 


127.807 


1 41.848 


169.658 


212.612 


100.531 


111.290 


128.328 


132.322 


138.505 


146.884 


162.047 


180.453 


one «oo 

295.138 




J /U. J0 1 


358.286 


354.348 


372.337 


389.790 


459.303 


83.089 


ft a" 

90.158 


QQ AQU. 


95.590 


96.476 


109.215 


115.789 


132.377 


45.431 


55.395 


56.315 


61.371 


55.545 


56.317 


60.738 


68.074 


74.641 


88.556 


94.658 


80.252 


78.327 


74.626 


78.643 


88.311 


91.977 


107.336 


119.882 


121.073 


124.000 


132.178 


13^ "^^0 


170.542 


133.592 


146.118 


144.330 


152.180 


162.037 


176.433 


182. o6 


220.311 


768.407 


8M.024 


960.677 


1.025.513 


1.110.811 


1.207.104 


1.386.717 


1.609.093 


NA 


46.285 


45.481 


60.226 


65.009 


66.344 


75.716 


86.519 


NA 


67.557 


83.207 


83.548 


90.767 


96.199 


108.927 


125.122 


NA 


88.641 


108.174 


108.711 


t09.92l 


133.692 


147.428 


171.012 


NA 


184.050 


193.080 


223.862 


259.283 


291.795 


336.932 


398.203 


NA 


146.163 


149.128 


142.171 


149.881 


176.682 


205.625 


224.206 


NA 


332.228 


381.607 


406.995 


435.950 


442.391 


512.088 


604.031 



5.912,489 


6.044.817 


6.40: S90 


6.823.734 


7.070.262 


7.247.288 


7.266.122 


5.227.969 


5.303.924 


5.5/ w25 


5.845.744 


6.061.252 


6.224.856 


6.240.609 


601.521 


629.395 


687.343 


766.074 


790.122 


813.828 


822.584 


41.690 


48.099 


50.930 


61.676 


68.525 


71.666 


73.237 


222.201 


236.850 


253.574 


262.722 


284.627 


302.149 


308.091 


290.233 


299.725 


325.532 


371.C'"5 


375.910 


379.799 


365.897 


47.397 


44.721 


57.307 


69.990 


61.060 


60.215 


75.359 


457 477 


474.729 


525.327 


576.448 


593.838 


584.206 


557.817 


NA 


NA 


NA 


NA 


78.697 


83.288 


85.443 


NA 


NA 


NA 


NA 


219.582 


201.886 


195.507 


NA 


NA 


NA 


NA 


200,266 


199.514 


197.701 


NA 


NA 


NA 


NA 


95.293 


99.519 


79.166 


67.371 


77.753 


81.357 


99.882 


91.772 


94.501 


98.568 


70.561 


82.585 


93.356 


124.629 


133,220 


141.426 


149.259 


3.332.321 


3.357.322 


3.514.268 


3.605.095 


3.753.684 


3.906.552 


3.969.593 


654.617 


684.672 


722.438 


766.813 


793.140 


822.088 


844.040 


1 126.881 


1,147.875 


1.119.496 


1.164.320 


1.202.087 


1.262.594 


1.286.548 


1.422.825 


1.413.058 


1.562.797 


1.575.100 


1.649.959 


1.702.004 


1.717.072 


127.997 


111.418 


109.536 


98.862 


108.497 


119.866 


121.933 


123.495 


126.535 


124.154 


127.951 


129.830 


136.577 


131.322 


415.825 


393.465 


384.238 


375.637 


398.326 


394.158 


358.286 


103.769 


107.200 


109.567 


105.752 


105.177 


105.892 


95.590 


44.958 


48.029 


50.638 


57.822 


64.623 


59.935 


61.371 


105.036 


92.062 


92.634 


94.999 


103,308 


100.743 


80.252 


162.063 


151.174 


131.400 


117.064 


125.217 


127.588 


121.073 


159.397 


157.140 


161.282 


170.029 


170.460 


153.608 


152.180 


684.520 


740.893 


832.265 


977.990 


1.009.011 


1.022.432 


1.025.513 


NA 


NA 


NA 


NA 


53.996 


48.405 


60.226 


NA 


NA 


NA 


NA 


78.811 


88.556 


83.548 


NA 


NA 


NA 


NA 


103.408 


115.128 


108.711 


NA 


NA 


NA 


NA 


214.711 


205.492 


223.862 


NA 


NA 


NA 


NA 


170 '^12 


158.714 


142.171 


NA 


NA 


NA 


NA 


387.573 


406.138 


406.995 



7.508.356 

6.438.829 

863.758 
71.420 
322.225 
398.772 
71.340 

595.958 
94.030 
208.125 
215.669 

78.133 

104.023 

168.723 

4.075.816 
862.238 
1.355.902 
1.734.620 
123.057 

133.357 

341.179 
92.890 
53.481 
75.416 

119.391 



7.897.874 

6.777.384 

920.744 
74.684 
341.449 
435.722 
68.890 

602.990 
95.493 
209.343 
221.063 

77.085 

115.472 

206.516 

4.285.924 
863.497 
1.443.730 
1.847.028 
131.670 



8 570.022 

7.319.939 

1.019.931 
81.901 
370.257 
494.778 
73.045 

634.485 
98.542 
225.361 
234.151 

76.431 

116.757 

251.130 

4.637.422 
925.204 
1.527.112 
2.032.495 
152.611 



136.345 145.765 



345.621 
101.378 
52.276 
69.271 
122.694 



350.625 
104.155 
54.635 
70.741 
121.094 



156.015 163.773 163.773 



1.069.527 
62.593 
87.394 
105.836 
249.647 
144.311 
419.748 



1.120.490 
61.584 
89.296 
124.099 
270.858 
164.004 
410.648 



1.247.384 
68.108 
17.982 
132.615 
303.078 
184.964 
460.635 



9.r.97.985 

7.907.119 

1.105.985 
84.467 
403.406 
545.634 
72.478 

678.805 
109.448 
229.591 
241.582 

98.183 

133.454 

276.510 

5.038.251 
984.097 
1.607.111 
2.260.623 
186.420 

158,223 

402.721 
116.069 
59.688 
77.432 
149.533 

193.171 

1.410,866 
75.861 
109.708 
149.945 
349.148 
196.586 
529.619 



Noto. .NA not ava>iat>ie 

SOURCE NatKJfwl Soenco Foondat.of» Academic Science and t ngmeenng RSD Funds f 935 and unpoW.shed data 
See figure 024 m Ovctvtew 
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Appendix table 4-20. Research and development expenditures at universities and colleges, 
by field and source of funds: 1986 

Total Federal Non-federal 

(Thousands (Thousands (Thousands 

Field and source of funds of dollars) of dollars) (Percent) of dollars) (Percent) 

Thousands of dollars 

S10.713.402 S6.633.347 61.9 $4,085,055 30.1 

Source of funds: 

Federal government 6,633.347 6.633.347 100.0 o 0 0 

\"'^"f^ 667.362 0 0.0 667 362 1000 

hstltutional funds 1.774.421 q q.O 1 774 421 OO O 

Other source Of funds 740.309 o q.O 740 309 

Fields: 

Total sciences 9.109.309 5.664.873 62.2 3.444.430 37.8 

SSf^ ''f^'^084 337.913 73.4 122.171 26.6 

62^.296 509.574 81.9 112 722 18 1 

Other physical sciences 82,661 64.021 77.5 18.640 22^5 

Environmental sciences 774.177 520.137 67.2 254.039 32 8 

^""fP'l«"'= 124.826 99,485 79.7 25.341 203 

Earth sciences 261.849 150.942 57.6 110.906 42 4 

Oceanography 275.524 207,095 75.2 68429 248 

Other environmental sciences 111,978 62.615 55.9 49.364 ^aa 

Mathematical sciences 152.204 112.364 73.8 39,840 26 2 

Computer sciences 315,360 227.428 72.1 87.932 27.9 

Life sciences 5.746.125 3.439.947 59.9 2,306.178 40 1 

Agricultural sciences 1,122,363 298.075 26.6 824 288 73 4 

Biological sciences 1,832.910 1.278.995 69.8 553 916 30 2 

Medica sciences 2.578.240 1.738.382 67.4 839.858 32 6 

Other life sciences 212.612 124,495 58.6 88^17 4M 

180.453 118.449 65.6 62.004 34.4 

132.377 42.878 32.4 89.499 67 6 

^S„r"" ^^'^^ 29.0 48,343 71.0 

Sociology 88.311 43.685 49.5 44 626 50 5 

Other social sciences 170.542 60.655 35.6 109.887 64.4 

Other sciences 220.311 104,083 47.2 ii6,228 52.8 

Total engineering 1,609.093 968.474 60.2 640.619 3S8 

Aeronautical and astronaulical 86.519 67.345 778 19174 222 

^^^f^^^ 125.122 66.135 52^9 58:987 47 1 

^:"'V"; ^''^•°^2 91.517 53.5 79.495 46.5 

E'eOfical 398,203 265.685 66.8 139 -ii' 33 2 

^^echanical 224.206 144.529 64.5 79 677 35 5 

Other engineering 604,031 333.063 55.1 27o!968 44^9 

SOURCE: National Science Foundation. Academic Science and Engineering. R&D funds, 1986. and unpublished data 
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Appendix table 4-21. Basic research expenditures in industry, by field: 

1973-83 



Field 1 973 1 975 1 977 1 979 1 98 1 1 983 

Millions of dollars 





$631 


S730 


$911 


$1,158 


Sl,614 


$2,104 




446 


538 


677 


865 


1,156 


1,422 




276 


320 


405 


527 


746 


902 




193 


228 


285 


381 


485 


555 




14 


14 


19 


20 


26 


27 




7 


15 


19 


13 


18 


29 




2 


6 


5 


5 


12 


i6 




3 


5 


7 


6 


6 


13 




1 


3 


7 


2 


0 


0 




102 


122 


156 


177 


208 


276 




77 


85 


128 


136 


157 


241 


Ciinicai medical sciences . . • 


25 


37 


28 


40 


51 


35 




47 


67 


78 


128 


158 


18o 




185 


191 


233 


292 


458 


682 



Millions of constant 1982 dollars* 





1,274 


1,231 


1,354 


1,474 


1.718 


2,026 




900 


907 


1.006 


1,101 


1,230 


1,369 




557 


540 


602 


671 


794 


868 




390 


384 


424 


485 


516 


534 




28 


24 


28 


25 


28 


26 




14 


25 


28 


17 


19 


28 




4 


10 


7 


6 


13 


15 




6 


8 


10 


8 


6 


13 




2 


5 


10 


3 


0 


0 




206 


206 


232 


225 


221 


266 




155 


143 


190 


173 


167 


232 


Clinical medical sciences . . . 


50 


62 


42 


51 


54 


34 




95 


113 


116 


163 


168 


181 




373 


322 


346 


372 


487 


657 


• GNP Implicit price deflator used to convert current dollars to constant i982 dollars. 



SOURCE; Naiional Science Foundation. Research and Development m Industry. 1984. and unpublished data 
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Appendix table 4-22. Plant and equipment expenditures in academic science and engineering, by source of funds- 

1964-86 



Capital fund expenditures' 

Current fund equipment 

federal source<^ Non-federal sourc es expenditures^^ 

Current Constant Ci-ent Constant Current Constant"" Current Constant 
dollars 1982 dollars dears 1982 dollars dollars 1982 dollars dollars 1982 dollars 

Thousands of dollars . 

196^ 529,492 1.607,932 134,439 408.257 395.053 1.199.675 NA NA 

1965 NA NA NA NA NA NA NA NA 

1966 666.997 1.907.886 212.397 607.543 454.600 1,300.j43 NA NA 

1967 NA NA NA NA NA NA NA NA 

1968 1,070.727 2.837.866 340.447 902.324 730.280 1.935.542 NA NA 

1969 ...... NA NA NA NA NA NA NA NA 

1970 951.873 2,264,747 279,316 664,563 672,557 1,600,183 NA NA 

1971 NA NA NA NA NA NA NA NA 

1972 912,487 1,962,760 236.836 509,434 675,651 1.453,325 NA NA 

1973 835,862 1,687,247 224,651 453,474 611.211 1,233,773 NA NA 

1974 841.560 1.559.600 225.681 418.238 615.879 1.141.362 NA NA 

1975 1.018.773 1J1 7.709 270.083 455.375 748.690 1.262.334 NA NA 

1976 1.043.153 1.653.961 206.890 328.032 836.263 1.325.928 NA NA 

1977 960,014 1.426.894 195.519 290.605 764.495 1.136.289 NA NA 

1978 NA NA NA NA NA NA NA NA 

1979 696.218 886.112 164.460 209.317 531.758 676.795 NA NA 

1980 794.512 926.869 149.563 174.479 644.949 752.390 363.040 423518 

1981 952.672 1.013.912 153.800 163.687 798.872 850.226 413.972 440 583 

1982 969.147 969.147 116.651 116.651 852.496 85r.496 408.479 406479 

1983 1.098.941 1.058.098 131.517 126.629 967.424 931.469 435 178 419004 

1984...... 1.215.249 1.128.051 141.728 131.559 1.073.521 996.492 518.125 48o!948 

1985...... 1.312.657 1.180.765 144.296 129.798 1.168.361 1.050.968 654.652 588.875 

1986 1.578.818 1.384.521 193.120 169.329 1.385.698 1.2 14.992 764.848 670.625 

» Data Includes expenditures from capital funds lor facilities and equipment for research, development, and instruction, 

» Data include funds spent from current operating funds for research equipment These expe-id.t'j.f . are not included in the loiai expenditures column 
Note: NA not available 

SCXIRCES' National Science Foundation. Academic Saenco Bngmeonng, r^d Funds. Fisoai Year 1986, Detat^id Stausucai Taoios (formcomingi. and previous 
annual publications o! the same name for earher fiscal years 

See figure 0-23 in Overview. c ^ ,,„co & Engmeenng Indicators- 1987 
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Appendix table 4-23. Capital expenditures^ at universities and colleges by field and source of funds: 1972-77 and 1979- '^5 

FjilU 1972 1973 1 974 1 975 1 976 1 977^ 1 979 1 980 1 981 1 982 1 983 1 984 1 985 1 986 

• — Thousands of dollars ' 

Total 912,487 835,862 841,580 1,018,773 1,043,153 960,014 696,218 794,5r 952,672 969,147 1,098.941 1,215.249 1,312,657 1,578,818 

Engineering 84,950 55,800 91,701 118,315 81,678 87,718 87,120 89,297 1 03,329 144,457 1 34,980 142,894 187,320 316,440 

Total sciences 827,537 780,062 749,859 900,458 961,475 872,255 609,090 705,215 849,343 824,690 963,96^ 1,072,355 1,125,337 1,262,378 

Physical sciences .... 137,331 106,210 93,468 80,642 73,755 65.216 64,685 77,154 87,813 82,100 97,467 116,071 131,108 152,808 
Environmental 

sciences 27,187 26,739 24,588 35,278 49,304 28,351 25,153 36,208 35,025 42,365 41,112 36,814 54,053 47.111 

Mathem atlcal/co mputer 

sciences 24,712 20,016 23,670 15,227 24,684 25,136 27,282 32,318 30,517 34,328 53,098 49,971 75,657 91,088 

Life sciences 517,941 488,705 495,078 669,093 706,961 642,493 428,293 459,057 597,635 590,353 678,778 741,416 751,646 839,906 

Psychology 19,007 39,584 15,511 11,710 9,131 12,702 7,060 17,982 10,991 12,798 17,012 35,205 20,900 25,472 

Social sciences 59,993 61,215 59,329 50,904 44,303 31,798 21,358 35,073 45,138 30,797 40,870 51,933 61,849 50,711 

Other sciences 

N.E.C '. 41,366 37,593 38,218 37,604 53,337 66,600 35,259 47,423 42,224 31,949 35,624 40,946 30,125 55,282 

Federal soutJes 236,836 224,651 225,681 270,083 206,890 195,519 164,460 149,563 153,300 116,651 131,517 141,728 144,296 193,120 

Engineering 21,082 13,547 42,702 64,019 20,200 17,219 20,927 20,438 17,601 18,136 16,163 24,013 16,778 33,635 

Total sciences 215,754 211,104 182,979 206,064 186,690 1 78,300 143,533 1 29,125 1 36,199 98,515 115,354 117,715 1 27,519 159,485 

Physical sciences 27,892 24,496 20,721 i8,862 19,195 ^ 394 32,186 22,463 25,529 20,154 18,579 18,916 31,300 35,089 
Environmental 

sciences 8,486 5,961 7,084 5,960 6,428 9,307 8,220 8,033 6,866 4,404 3,644 3,490 3,547 6,184 

f^athematical/computer 

sciences 4,341 3,022 4,257 2,584 2,052 1,882 2,983 5,653 4,944 3,798 4,458 5,296 6,718 14,048 

Life sciences 152,328 161,907 139,775 169,459 153,570 137,369 90,796 86,105 89,410 66,004 81,016 85,412 80,829 94,310 

Psychology 3,663 5,119 2,536 2,245 1,967 2,398 1,740 2,002 1,580 1,023 1,365 1,008 820 1,266 

. Social sciences 10,939 5,369 4,467 2,755 1,806 2,109 2,076 1,528 6.376 1,374 4,959 2,932 2.096 2,505 

Other sciences 

N.E.C *. 8,105 5,230 4,139 4,199 1,672 3,341 5,532 3,341 1,494 1,758 1,333 680 2,209 6,C'^'> 

Other sources 675,651 611,211 615,879 748,690 836,263 764,495 531,758 644,949 798,872 852,496 967,424 1,073,521 1,16b,361 1,385,698 

Engineering 63,868 42,253 48,999 54,296 61,478 70,499 66,201 68,859 85,728 126,321 118,817 118,881 170,542 282,805 

Totals ences 611,783 568,958 566,880 694,394 774,785 693,996 465,557 576,090 713,144 726,175 848,607 954,640 997,818 1,102,893 

Physical sciences .... 109,439 81,714 72,747 61,780 54,560 43,322 32,499 54,691 52,284 61,946 7« 888 97,154 99,808 117,719 
Environmental 

sciences 18,701 20,778 17,504 29,318 42,876 19,044 16,933 28,175 28,159 37,961 37.468 33,324 50,506 40,927 

Mathematical/computer 

sciences ^0,37^ 1 6,994 1 9,41 3 1 2,643 22,632 23,254 24,299 26,665 25,573 30,530 48,640 44,675 68,939 77,040 

Life sciences 365,613 326,798 355,303 499,634 553,391 505,124 337,497 372,952 508,225 524,349 597,762 656,004 670,817 745,596 

Psychology 15,344 34.465 12,975 9,465 7,164 10,304 5,320 15,980 9,411 11,775 15,647 34,197 20,080 24,206 

Social sciences 49,054 55,846 54,862 48,149 42,497 29,689 19,282 33,545 38,762 29,423 35,911 49,001 59,753 48,206 

Other sciences, 

N.E.C 33,261 32,363 34,076 33,405 51,665 63,259 29,727 44,082 40,730 30,191 34,291 40,286 2"7,916 49,200 

Note: NA - Not available. 

* Includes expenditures for facilities and equipment for res*^ rch, development and instiuction. 
2 Data were not collected in 1978. 

SOURCE' National Science Foundation, Academic Science and Engineering: R&D Funds 1986 
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Appendix table 4-24. Academic officials' views regarding condition of 
research facilities: 1986 



Condition of research facilities 

Number of qq^.j 
flf!^ interviews Excellent Good Fair Poor know' 

Percent 

Research administrators 80 4 44 45 4 4 

Deans: 

Engineering 29 7 34 48 10 0 

Physical sciences 39 0 31 51 10 8 

Life sciences 39 8 38 41 10 3 

Environmental sciences 33 3 21 52 21 

Medical sciences 25 8 48 28 8 8 

Computer sciences 37 14 32 41 14 q 

Mathematical sciences 39 0 38 44 10 8 

Psychology 33 3 37 26 24 11 

Social sciences 39 5 33 44 15 3 

« Some deans were unable to select one rer'.onse. due primarily to var.at.on .n the cond.t.on of facilities m the 
discipline. 

S^^mber'^-^gS^^ ^^'^"^^ Foundation. Science and Engineering Facilities at Doctorate-Granting Institutions, 

See figure 4-3. o^«^,,« 9 c - . 
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Appendix table 4-25. Academic officials' views on sufficiency of research 
space: 1986 

Amour^t of research space 

Number of More than About Less than 
i!zZ interviews needed right needed 

Percent 

Resear'^*^ administrators 80 0 5 95 

Deans: 

Engineering 29 0 7 93 

Physical sciences 39 q 21 79 

Life sciences 39 q i8 82 

Environmental sciences 33 q 27 73 

Medical sciences 25 0 28 72 

Computer sciences 37 3 gg 

Mathematical sciences 39 3 33 ^ . 

Psychology 38 3 

Social sciences 39 q g 

See figure 4-4. Science S Engineering Indicators— 1987 
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Aopendix table 4-26. Current fund expenditures for research equipment at universities and colleges, by field: 

1980-86 

Physical environmental Mathematical Computer Life Sociai Other 

Years Total Engineering scienc e sc.ence science science science Psychology science science 

— Thousands of dollars — — — 

I98O . . $363 040 $56,584 $53,859 $28,613 S2.060 $8,248 $188,718 $5,447 $12,805 $6,706 

1981 413.972 69,017 76.131 31.472 1.907 10.896 202.220 6.019 9.155 7.155 

1982« 403479 65,861 78.126 28.321 2.556 12.672 199.574 5.784 7.143 8.461 

1983 435178 75,018 79.375 31,521 2.668 15.615 205.680 6,629 8.961 9.711 

1984 518.125 90.650 107.450 40.806 4.539 19.056 225.575 7,066 12.727 10,257 

1985 ' ' ' 654652 119,246 141,884 46,990 5.755 38.667 269,862 8.465 8.929 14,053 
^986 . .^.y.... 764!848 138.894 164,084 50.7*4 4.961 46,549 318.062 9,018 12.152 20,414 

Federal: ^ ^ 

1980 240816 35,804 44.453 19.512 1.439 3,434 122,385 4,126 6.391 3,272 

1981 265048 42,396 58.475 19,165 1,127 5,436 126,175 4,466 3,999 3.809 
1982' 266780 43,220 62.642 18,423 1.617 8,215 120.189 4.21i^ 2.907 5.306 

1983 272819 48,958 62,055 19,649 1.476 10,229 117,039 4,749 2,917 5J47 

1984 335495 59,278 86,746 29,477 3.213 14.056 128.837 5,016 3,484 5.387 
1085 426874 75.633 113,387 32,106 4,694 32.709 151,349 6.160 3.903 6,932 
m6.\......... 496!664 80,992 133,410 35,431 3.405 39,226 182,722 6,055 3.779 11,644 

Non-federal: ^ . ^ 

1980 122.224 20.780 9,406 9,101 621 4,814 66,333 1.32, 6,414 3,434 

1981 \ . 148.924 26.612 17.656 12,307 780 5,460 76,045 1.553 5,156 3,346 
1982'=? 14l!b99 22.641 15.484 9,898 939 4,457 79.385 1,565 4,236 3,155 

1983 162359 26^060 17.320 11,872 1,192 5,386 88,641 1.880 6.044 3,964 

1984 182632 31^372 20.705 11.329 1.326 4.999 96,737 2.050 9.243 4,870 

1985 227778 43,613 28.496 14,884 1.061 5,958 118,513 2,305 5.026 7,921 
1S86 " 268^184 57.902 30. 674 15.283 1,557 7.323 135,340 2,963 8.373 8,771 

» 1982 total has been revised but breakdown has not. 
' Estimated 

SOURCE: National Science Foundation. Academic SciencelEngineenng: R&D founds, 1986 
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Appendix table 4-27. Expenditures under special 
Federal research instrumentation programs: 1981-85 

Number of Amount 
Fiscal year awards awarded Mean size 

Total 3.464 $320,482 $93 

1981 274 16,853 62 

1982 319 22,901 72 

1983 702 72,123 103 

1984 951 96,227 101 

1985 1 .218 112,378 92 

SOURCE: Abt Associates Inc.. "Federal government programs that support 
science and engineering research instrumentation in academic institutions,"" 
AAI Report No. 86-1. April 24. 1986 
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Appendix table 4-28. Awards to colleges and universities under special 
Federal instrumentation programs, by R&D ranking of institutions 



Total FY 83 
Federal R&D obligations 



Total instrumentation awards (4 agencies)* 



Rank groups 


Thousai.ds 
of dollars 


Percent 
of total 


Thousands 
of dollars 


Percent 
of total 


Number 
of awards 


Total (1-641) .. 


4.860,431 


100.0 


325,397 


100.0 


4,387 


MOO . 


4,260,011 


87.6 


230,302 


70.8 


2.222 


1-25 


2,341.202 


48.2 


114.219 


35.1 


1,088 


26-50 .... 


986,191 


20.3 


60,045 


18.5 


524 


51-100 ... 


932,618 


19.2 


56,038 


17.2 


612 


101-641 .... 


600,420 


12.4 


96.095 


29.2 


1,265 



» Combines totals 1981 to 1985 of special instrumentation programs of National Science Foundation. National 

Institutes of Health. Department of Energy, and Department of Defense. 

2 Rank by total federal fiscal year 1983 research and development obligations. 

SOURCE: Abt Assodales Inc . 'Federal government programs ih-' support science and engineering research 
Instrumentation in academic institutions." AM Report No. 86-1 April 24. 1986 

See figure 4-5. Science & Engineering Indicators— 1987 



Appendix table 4-29. Instrument needs, 1982/83, versus awards under special Federal Instrumentation programs, 
1981-85 

Instruments named by 

Awards under special federal instrumentation department chairmen as 

programs: 1981-85 most needed: 1982/83 

Equipment type Number Amoum awarded % of total Number Percent 

3.368 308,866 lOO.O 560 100.0 

P°^P"^^^ 560 48.807 16.6 157 28 0 

Laser 160 16.439 4.8 32 57 

Sorters/sensors 69 4.790 20 a 14 

Microscopes/other 45 3,973 13 "o 

Microscopes/electron 194 26!o67 5*8 1^ 2 3 

Temperature equipment 64 3 392 19 ^ ^ ^r. 

Spectrometers 701 78,377 208 95 170 

Acquisition/detectors, receivers 312 25,561 93 4^ 73 

Transmitters 16 ^[^p^^ 05 g 

Synthesis/preparation 89 6.340 2.6 5 0 9 

Image proceioors 205 I8.458 61 28 «5 0 

Separation technology 215 19.535 64 31 ^5 

l^T"", 1^ 896 0 3 5 0 9 

"yd^3"''C 10 1.032 0 3 6 1 1 

Magnetic 18 132 0 5 7 13 

M identified ^699 52.410 20,0 102 18^2 

faclL?^^'^""^"^ "^'^ ^""^"^ *° "^""^ ^^"^^ °^ ""^"'^""^"^ ^^^'^^^ ^° ^^^^-^^^ ^^"9^ which were most needed m their departments or 

N^8Ti^"a^^^^^ 

See figure 4-6. ^ 
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Appendix table 4-30. Condition of academic research instrument systems, by 

system age 



Number and percent of systems, 
by genera! working conduion 





Total 


Excellent 


Average 


Poor 






18,849 


13,774 


3,627 




100% 


52% 


3B% 


10% 


Age (from year of purchase):* 












19,351 


13,227 


5,39G 


728 


100% 


68% 


28% 


4% 




8,747 


3.449 


4,226 


1,072 


100% 


39% 


48% 


12% 




8,152 


2,172 


4,153 


1,827 


100% 


27% 


51% 


22% 



Note: All statistics are national est;.iiates enconr^passing the 1 57 large- aao universities and the 92 largest R&D 
rriedicul schools in the nation. For agricultural, biological and environmental sciences, estimates are as of 
December 1 983. For all other fields, estimates are as of December 1982. Sample is 7013 mstrumen* oystems. 
Note: Subcategory numbers and percentages may noi sum exactly to tots! because of rounding. Estimated totals 
may vary Uom table to table. 

» For phase 2 fields, age intervals are 1-5 (1979-83): 6-10 years (1 974-78); over 10 years (1973 or before). For 
phase 1 fields, intervals are 1-5 years (1978-82); 6-10 years (1973-77); over 10 years (1972 or before) 
SOURCE: National Science Foundation. Acadrmic Research Equipment in Selected S!E Fields, 1982-83 
(August 1985) 

See figure 4-7. Science & Engineering Indicators— 1987 



Appendix table 4-31. National stock of academic instrumentation, by field^ 





Instrument 




Aggregate 




t^ean purchase 


Field 


systems 


Percent 


purchase price 


Pe''cent 


price per system 




46,738 


100.0 


1,630,780 


100.0 


35 




9,425 


20.0 


333,613 


20.0 


35 




1,954 


4.0 


42,599 


3.0 


22 




17 318 


38.0 


471 ,288 


29.0 


27 




7,290 


16.0 


186,272 


11.0 


26 




10,328 


22.0 


285,1-6 


17.0 


28 




1,115 


2.0 


60,026 


4.0 


54 




2,679 


6.0 


126,231 


8.0 


47 




73» 


2.0 


37.120 


2.0 


51 




11,644 


25.0 


481 ,881 


30.0 


41 




1,571 


0.0 


78,022 


5.0 


50 



Note. Subcategory nurribers and percentages may not sum exactly to total because of rounding. Estimdled totals may vaiy slightly from field to field 
' All statistics are national estimates encompassing the 157 largest R&D universities and the 92 largei.. R&D medical schools in the ndtion For agricultuiat biological 
and environmental sciences), estimates are as ol December 1983 For all other fields, estimates are as of December 1982 Samplf is 8704 inst.umenl systems 
SOURCE. National Science Foundation. Acac/e^c Research Equipment in Selected Science, Engineeung Fields. 1982 83 (August 1985) 
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Appendix table 4-32. instrumentation-relfited expanditures in academi c departments and facilities, by field 

Purchase of Maintenance; 
research Purchase of repair of 

equipment research-related research 

flfl^ Total Percent $500 or more Percent computer services Percent equipment Percent 

S640.6 100.0 S414.5 65^0 $121.3 19^0 $104.8 16.0 

Engineering 146.6 100.0 85.5 59.0 41.3 28.0 18.8 13.0 

Agricultural sciences 40.6 100.0 28.4 70.0 7.3 18.0 5.0 12.0 

Biological sciences 192.3 100.0 132.4 69.0 27.8 14^0 32^2 17!o 

Graduate schools 79.0 100.0 51.8 66.0 13.2 17.0 14^0 18 0 

Medical schools 113.3 100.0 80.5 71.0 14.5 13^0 18*3 16 0 

Computer science 29.7 100.0 19.7 66.0 3.6 12!o 6!4 21.0 

Environmental sciences .. 49.6 100.0 33.4 67.0 6.9 14^0 9^3 19^0 

Materials science 12.4 100.0 9.6 77.0 0.6 4.0 2 3 18 0 

Physical science 151.3 100.0 91.2 60.0 31.9 2l!o 28^2 19.0 

Interdisciplinary, n.e.c .... 17.8 100.0 13.3 75.0 1.9 n.o 2!6 14^0 

^*5te■ All statistics arc national estimates encompassing the 157 largest R&D univenities and the 92 largest h&D medical schools in the nation. For agricultural, 
biological and environmental sciences, estimates refer ♦o expenditures in FY 1983 for all other fields, estimates are of e; enditures in FY 1982. Sample is 9i2 
departments and facilities. 

Note- Subcategory numbers and percentages may not sum exactly to tote' because of rounJmg. Estimated totals may vary slightly from table to table. 
SCXiRCE: National Science Foundation. Academic Research Equipment in Selected Scte^ cet Engineering FielL,, 1982-83 August 1985) 
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Ap pendix table 4-33. Equlpment-lntenslveness of academ ic research, by field: 1982/3 

Total purchase 

price of national Nunfiber of acadenfiic Total price of 

stock of academic scientists and national stock 

research equipment eng.neers per scientist 

flfl^ (Millions of dollars) January 1983 engineer 

"^^^^^ 1.516 107,000 14,200 

Engineering 334 26,200 12,700 

Ct^?"^^cal 27 2,100 12,900 

^'^'^ 22 4,400 5,000 

^'ectrica! 83 6,000 13,800 

Mechanical 67 4,200 16,000 

O^^^er, n.e.c I34 9,400 11,300 

Agricultural sciences 43 14,100 3 000 

Biological sciences 471 34^000 13i900 

Computer sciences 60 6!300 9,500 

Environmental sciences 120 7 000 18 000 

Physical sciences 402 19^400 24800 

C^^"^'Stry 255 9,400 271100 

Phystcs and astronomy 227 10,000 22,700 

SOURCE: National Science Foundation. Acaderrjc Research Equipment in Selected Sciencet Engineering Fields, 1982-83 (August 1985) 
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Appendix table 4-34. Instruments in shared-access facilities, 
by status and field: 1982/3 

Percent of systems in shared-access facilities 

Research status 

State-of-the-art Other systems 



Field 



Total 


systems 


in research 


41 


38 


42 


50 


50 


49 


36 


31 


38 


35 


32 


36 


34 


29 


36 


36 


35 


36 


81 


73 


83 


48 


46 


49 


81 


73 


83 


35 


27 


37 


73 


84 


68 



Total 

Engineering 

Agricultural sciences 

Biological sciences 

Graduate schools 

I^edical schools 

Computer sciences 

Environmental sciences 

Materials sciences 

Physical sciences 

Interdisciplinary, n.e.c 

SCXJRCE: National Science Foundation, Academic Research Equipment In Selected SciencelEngineenng 
Fields, 1982-83 (August. 1985) 
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Appendix table 4-35. Instruments in shared-access facilities, by status, age, 

and field 



Percent of systems in shared-access faculties 
System age (from year of purchase) 



Field 


Total 


1-5 years 


6-10 years 


Over 10 years 




41 


38 


41 


48 




50 


41 


51 


73 




36 


38 


36 


32 




35 


31 


35 


42 




34 


30 


37 


41 


Medical schools 


36 


33 


34 


44 


Computer sciences 


81 


80 


87 


100 


Environmental sciences 


48 


51 


48 


40 




81 


75 


68 


90 




35 


31 


40 


37 


Interdisciplinary, n.e.c 


73 


67 


78 


73 



SOURCE: National Science Foundation, Academic Research Equipment In Selected Scienco/dngineenng 
Fields, 1982-83 (August 1985) 
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Appendix table 4-3o. Institutional co-authorship, by field and selected years: 
1973, 1977, 1981, and 1984 



Field 


1973 


1977 


1981 


1984 




Institutionally co-authored articles 








as a percent of all articles 




Total fields 


24.3 


28.6 


33.1 


36.5 




37.6 


42.1 


47.5 


50.6 


Biomodicine 


25.7 


30.1 


34.4 


38.5 


Biology 


19.4 


22.7 


26.7 


30.2 


Chemistry 


14.9 


13.3 


21.3 


23.8 


Physics 


19.3 


23.5 


26.7 


29.9 


Earth and space sciences 


23.3 


27.9 


33.3 


38.7 


Engineering and technology . . 


15.4 


17.7 


22.7 


25.2 


Mathematics 


16.0 


18.0 


21.0 


23.8 



Institutionally co-authored articles 



Total fields 


66,106 


75,?83 


95,858 


104,456 


Clinical medicine 


28,617 


32.643 


41,239 


44,293 


Biomedicine 


10,648 


12,436 


15,839 


17,371 


Biology 


4,660 


5,405 


6,875 


7.689 


Chemistry 


6,694 


7,485 


9,986 


10,800 


Physics 


6,897 


8,433 


10.651 


12.092 


Earth and space sciences 


2.798 


3,085 


4.146 


4,914 


Engineering and technology . . 


4,412 


4 437 


5,562 


5,791 


Mathematics 


1,379 


1,359 


1,561 


1,506 



Articles with at least one institutional adc'ress 



Total fields 


271,574 


262,993 


289,706 


286,135 


Clinical medicine 


76,081 


77,487 


86,866 


87,604 


Bj' medicine 


41,370 


41,314 


46,052 


45,161 


B'Ology 


24.064 


23,761 


25.707 


25,492 


Chemistry 


45,002 


40,905 


46,807 


45,440 


Physics 


35,791 


35,897 


39,919 


40,418 


Earth and space sciences .... 


12,008 


11,053 


12,446 


12,688 


Engineering and technology . . 


28,616 


25,007 


24.473 


23.002 


Mathematics 


8,642 


7,569 


7,436 


6,331 



Note* Institutional co«authorship means that the address o\ more than one institution appears on the article 

SOURCE Computer Horizons. Inc , Science Indicators Uteralure Data Base. Series 12. tabulations prepared for 
the fJatfonal Science Foundation (January i986) 
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Appendix table 4-37. Relative changes in Federal obligations for defense and nondefense R&D, by character of 

work: 1960-88 

Total Basic research Applied research Development 

Year Total Defense Nondefense Total Defense Nondefense Total Defense Nondefense Total Defense Nondefense 

Billions constant 1981: dollars^ ■ 

1967 46.0 22.4 23.6 5.1 0.8 4.3 7.8 3.6 4.1 33.1 18.0 15.1 

1968 42 8 20 7 22.1 4.9 0.7 4.2 7.9 3.5 4.4 30.0 16.5 13.5 

1969 39 9 19.6 20.3 5.0 0.7 4.3 6.9 2.9 4.0 28.1 16.0 12.0 

1970 37 0 17.7 19.2 4.6 0.8 3.9 7.2 2.4 4.7 25.2 14.5 10.6 

1971 35 6 17.2 18.4 4.5 0.7 3.3 7.2 2.3 4.9 23.9 14.2 9.7 

1972 "' 35.8 18.1 17.8 4.7 0.7 4.0 7.3 2.6 4.7 23.8 14.8 9.0 

1973 34 7 17.4 17.4 4.6 0.6 4.0 6.9 2.3 4.6 23.2 14.4 8.8 

1974 33 4 16.1 17.2 4.6 0.6 4.0 7.3 2.2 5.1 21.5 13.4 8.1 

1975 331 15.7 17.4 4.5 0.5 4.0 7.2 2.0 5.2 21.4 13.2 8.2 

1976 33 5 15.6 17.9 4.5 0.5 3.9 7.8 1.9 5.9 21.2 13.1 8.1 

1977 35 0 16.4 18.6 4.9 0.6 4.3 7.8 2.0 5.8 22.3 13.8 8.5 

1978 36 0 16.1 19.9 5.2 O.h 4.6 8.2 2.0 6.3 22.6 13.6 9.1 

1979 361 16.1 20.1 5.4 0.6 4.8 8.1 2.0 6.2 22.6 13.5 9.1 

1980 35 2 16.5 18.7 5.5 0.6 4.9 2 2.0 6.1 21.5 13.8 7.7 

1981 35 5 17.7 17.8 5.4 0.6 4.8 7.7 2.1 5.6 22.4 14.9 7.5 

1982 36 4 20.6 15.8 5.5 0.7 4.8 7.5 2.3 5.3 23.4 17.7 5.7 

1983 371 22 1 15.1 6.0 0.8 5.3 7.7 2.3 5.3 23.5 19.0 4.5 

1984 39 0 23.5 15.6 6.5 0.8 5.7 7.3 2.0 5.3 25.2 20.6 4.5 

1985 43 3 26.7 16.6 7.0 0.8 6.2 7.4 2.1 5.4 28.8 23.8 5.0 

1986 (Est) ... 44.8 28.7 16.1 7.1 0.8 6.3 7.3 2.0 5.3 30.4 25.9 4.5 

1987 (Est) 47.8 30.7 17.1 7.5 0.7 6.7 7.6 2.0 5.6 32.7 28.0 4.8 

1988 (Est. ) 51.5 34.7 16.9 7.4 0.7 6.7 7.2 2.0 S.2 3 6.9 31,9 5.0 

» 6NP implicit price deflators used to convert current dollars to constant i982 dollars. 

SOURCE: National Science Foundation. Federal Funds for a ^eatch and Development. Detailed Historical Tables FY 1955 1986 \'a!'on'^i Science Foundation 
Federal Funds for Research and Development, Fiscal Years 1985, 1987, and 1988 

See figure 0^6 in Overview. Science & Engineering Indicators-1987 
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Appendix table 5-1, Academic research and deveioprr,^nt and basic research by performer: 1960-87 



Nonacademic basic research 



Year 



Totcl 



Federal 
government 



Industry 



FFRDC-s 



Nonprofit 
Institutions 



Academic 
research and 
development 



' Millions of dollars ■ 



1960 $1,410 

1961 1,628 

1962 1,969 

1963 2,232 

1964 2.561 

1965 2,891 

1966 3,226 

1967 3,520 

1968 3,796 

1969 3,955 

1970 4,088 

1971 4.258 

1972 4,437 

1973 4,777 

1974 5,108 

1975 5,607 

1976 6.157 

1977 6.804 

1978 7,841 

1979 9,006 

1980 10.113 

1981 11,423 

1982 12,356 

1983 13,596 

1984 14,941 

1985 16,349 

1986 (Est.) 17,809 

1987 (Est.) 18,595 

I960 4,556 

19*51 5.211 

1962 6.165 

1963 6.889 

1964 7,777 

1965 8.558 

1966 , 9^228 

1967 9,794 

1968 10.061 

1969 9,942 

1970 9,726 

1971 9.594 

1972 9,544 

1973 9,643 

1974 9,466 

1975 9,454 

1976 9,762 

1977 10,113 

1978 10,857 

1979 11,462 

1980 11,798 

1981 12,157 

1982 12,356 

1983 13,091 

1984 13.869 

1985 14,706 

1986 (Est.) 15,615 

1987 (Est.) 15,777 



$160 
206 
251 
255 
314 
364 
385 
435 
432 
532 
577 
586 
625 
608 
696 
734 
786 
914 
1.029 
1,089 
1.182 
1,302 
1.465 
1.690 
1.861 
1.961 
2.000 
2.000 



$376 
395 
488 
522 
549 
592 
624 
629 
642 
618 
602 
590 
593 
631 
699 
730 
819 
911 
1.035 
1.158 
1.325 
1.614 
1.880 
2.171 
2,515 
2.731 
2.959 
3.125 



$97 
115 
136 
159 
191 
208 
227 
250 
276 
275 
269 
260 
244 
297 
285 
309 
359 
402 
567 
718 
786 
863 
870 
983 
1.052 
1.078 
1.160 
1.200 



■ Millions of constant 1982 dollars* 



517 
659 
786 
787 

954 
1.078 
1.101 
1.210 
1.145 
1.337 
1.373 
1.320 
1.344 
1.227 
1.290 
1.238 
1,246 
1.359 
1.425 
1.386 
1.379 
1.386 
1.465 
1.627 
1.727 
1.764 
1.754 
1.697 



1.215 

1.264 

1.528 

1.611 

1.667 

1.753 

1,785 

1.750 

1.702 

1.554 

1.432 

1,329 

1.276 

1.274 

1.295 

1.231 

1.299 

1.354 

1.433 

1.474 

1,546 

1,718 

1,880 

2.090 

2,335 

2.457 

2.594 

2.651 



313 
368 
426 
491 
580 
616 
649 
696 
732 
691 
640 
586 
525 
600 
528 
521 
569 
598 
785 
914 
917 
918 
870 
946 
977 
970 
1.008 
1.018 



$131 
149 
190 
216 
232 
253 
275 
285 
297 
305 
305 
322 
345 
357 
405 
425 
464 
510 
585 
680 
760 
825 
865 
945 
1.010 
1.075 
1.100 
1.120 



423 

477 

595 

664 

705 

749 

787 

793 

787 

767 

726 

720 

742 

721 

751 

717 

736 

758 

810 

865 

887 

878 

865 

910 

938 

967 

964 

950 



$646 
763 
904 
1.081 
1.275 
1.474 
1.715 
1.921 
2.149 
2.225 
2.335 
2.500 
2.630 
2.884 
3.023 
3.409 
3.729 
4.067 
4,625 
5,361 
6.060 
6,819 
7.276 
7 807 
8.503 
9.504 
10.600 
11.150 



2,087 

2,442 

2,830 

3,336 

3,872 

4,364 

4,906 

5,345 

5,696 

5,593 

5,556 

5,633 

5.657 

5.822 

5.602 

5.748 

5.912 

6.045 

C.404 

6.823 

7.070 

7,257 

7.276 

7.517 

7.893 

8.549 

9,294 

9.460 



(continued) 
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Appendix ta ble 5-1 (continued) 

Nonacademic basic research 

Federal 

Year Total government Industry FFRDC's 

' — — Percent- 

1960 100.0 11.3 26.7 6.9 

1961 100.0 12.7 24.3 7.1 

1962 100.0 12.7 24.8 6.9 

1963 ^00.0 11.4 23.4 7.1 

1964 100.0 12.3 21.4 7.5 

1965 100.0 12.6 20.5 7.2 

1966 100.0 11.9 19.3 7.0 

1907 100.0 12.4 17.9 7.1 

1968 100.0 11.4 16.9 7.3 

1969 100.0 13.5 15.6 7.0 

1970 100.0 14.1 14.7 6.6 

1971 100.0 13.8 13.9 6.1 

1972 100.0 14.1 13.4 5.5 

1973 100.0 12.7 13.2 6.2 

1974 100.0 13.6 13.7 5.6 

1975 100.0 13.1 13.0 5,5 

1976 [[]... 100.0 12.8 13.3 5.8 

1977 100.0 13.4 13.4 5.9 

1978 ! 100.0 13.1 13? 7.2 

1979 100.0 12.1 12.9 8.0 

1980 I..!!.!!.".'.!..! 100.0 11.7 ^3.1 7.8 

1981 100.0 11.4 i4.1 7.6 

1982 100.0 11.9 15.2 7.0 

1983 100.0 12.4 16.0 7.2 

1984 100.0 12.5 16.8 7.0 

1985 100.0 12.0 16.7 6.6 

1986 (Est) ■'^^■^ ^^'^ ^^'^ 

1987 (Est!) 100.0 10.8 1C.8 6.5 

* GNP implicit price deflators used to convert current dollars to constont 1982 dollars. 

SOURCE: National Science Foundation. National Patterns of Science and Technology Resources, 1987 (forthcoming) 



Nonprofit 
Institutions 



Academic 
research and 
development 



9.3 

9.2 

9.6 

9.6 

9.1 

8.8 

8.5 

8.1 

7.8 

7.7 

7.5 

7.6 

7.8 

7.5 

7.9 

7.6 

7.5 

7.5 

7.5 

7,6 

7.5 

7.2 

7.0 

7.0 

6.8 

6.6 

6.2 

6.0 



45.8 

46.9 

45.9 

48.4 

49.8 

51.0 

53.2 

54.6 

56.6 

56.3 

57.1 

58.7 

59.3 

60.4 

59.2 

60.8 

60.6 

59.8 

59.0 

59.5 

59.9 

59.7 

58.9 

57.4 

56 9 

58.1 

59.5 

60.0 
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Appendix table 5-2. Basic research expenditures by performer, 
for selected countries 

United United 
Performer States Japan Germany^ France' Kingdom 



Total 

Higher education 

Industry 

Government^ . . . 
Private nonprofit 

Note: Data is for a year in the 1980-84 period depending upon the country. Data for Japan, West Germany and 

France include the natural sciences and engineering, the social sciences and the humanities; (he United States 

data exclude the humanities: the U.K, data excludes the social sciences and the humanities 

» In France. CNRS R&D is classified as higher education m performance data but as government jn source-of- 

funds data:' in West Germany the Max Planck Institutes are classified as government. 

^ In the U.S.. the government sector is federal only: in other countries, government Includes all levels. 

SOURCE: National Science Foundation; Organisation for Economic Co-operation and Development (OECD). 

and unpublished estimates 

See 'iQuro 5-1 Science & Engineering Indicators— 1987 



Percent 



100 


100 


100 


100 


100 


57 


61 


60 


67 


55 


19 


26 


18 


9 


13 


16 


11 


22 


22 


30 


8 


2 


1 


3 


2 
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Appendix table 5-3. Scientists 



and engineers in academic research and devel opment and basic research:' 1986 
Education 



Business & 
industry 



Nonprofit 



Field 



Federal 
Government" 



All institutions 



Total 



Number Percent Number Percent Number Percent Number Percent Number Percent 



Total scientists 



Physical scientists 

Che»Tiists 

Phys^cists/astronomers 
Olhei physical scientists 

Environmental scientists . . 
Atmospheric scientists . . 

Earth scientists 

Oceanographers 

Mathematical scientists . . . 

Computer specialists 



Life scientists 

Agricultural scientists 
Biological scientists . . 
Medical scientists . . . 



Psychologists , 

Social scientists , 

Economists 

Sociologists/anthropologists 
Other social scientists . . . . . 



Total engineers . . . , » 

Aeronautical and astronautical 

Chemical 

Civil 

Electrical/electronics 

Industrial 

Materials 

Med >nical 

Mining 

Nuclear 

Petroleum 

Other engineers 



13,100 

9.400 

3,900 
2,400 
1,400 
100 

1,400 
NA 

1,200 
NA 

100 

500 

2,300 
200 

2,100 
NA 

400 

900 
400 
400 
NA 

3,700 
300 
oOO 
3G0 
700 
100 
300 
900 
NA 
NA 
NA 
500 



6.1 

5.4 

12.0 
17.3 
8.8 
3.4 

10.9 
NA 

13.3 
NA 

1.4 

6.9 

2.7 
1.4 

3.6 
NA 



4.6 
4.8 
6.6 
NA 

9.8 
11.1 
18.2 
9.7 
6.5 
14.3 
13.0 
13.2 
NA 
NA 
NA 
7.1 



168,900 

138,300 

20,400 
9,400 
9,600 
1,500 

8.200 
1,500 
5,100 
1,600 

5.300 

6.200 

67,800 
13,500 
45,100 
9.200 



17,400 
7,300 
5.200 
5,000 

30,600 
1,400 
2.600 
2,300 
9,200 
600 
1,900 
5,700 
200 
400 
300 
6,100 



79/^ 

78.7 

62.8 
67.6 
60.4 
51.7 

64.1 
68.2 
58.6 
84.2 

72.6 

86.1 

80.8 
91.2 
76.7 
89.3 



3.2 11,400 90.5 



89.2 
88.0 
85.2 
98.0 

81,0 
51.9 
78.8 
74.2 
85.2 
85.7 
82.6 
83.8 
66.7 
100.0 
75.0 
87.1 



9,400 
.100 

1,200 
200 

1,000 
NA 

300 
100 
NA 
300 

NA 

300 

6,400 
NA 
5.600 
900 

400 

400 
300 
100 
NA 

200 
NA 
100 
NA 
200 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



4.4 

5.2 

3.7 
1.4 
6.3 
NA 

2.3 
4.5 
NA 
IS ft 

NA 

4.2 

7.6 
NA 
9.5 
8.7 

NA 

2.1 
3.6 
1.6 
NA 

0.f» 
NA. 
3.0 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



17,200 

14,500 

5,600 
1,600 
3,000 
1,000 

2,300 
400 

1,900 
100 

200 

200 

5,500 
900 

4,400 
200 

200 

500 
300 
100 
NA 

2,700 
1,000 

NA 
200 
600 

NA 

NA 
200 

NA 
100 

NA 
300 



8.1 

8.3 

17.2 
11.5 
18.9 
34.5 

18.0 
18.2 
21,8 
5.3 

2.7 

2.8 

6S 
6.1 
7.5 
1.9 



2,6 
3.6 
1.6 
NA 

7,1 
37.0 
NA 
NA 
5.6 
NA 
NA 
2.9 
NA 
25.0 
NA 
4.3 



213,300 100.0 
175,700 100.0 



32,500 
13,900 
15,900 
2,900 

12,800 
2,200 
8,700 
1,900 

7,300 

7,200 

83,900 
14,800 
58,800 
10,300 



19,500 
8,300 
6.^00 
5,100 

37,800 
2,700 
3.300 
3.100 
10,800 
700 
2,300 
6,800 
300 
400 
400 
7.000 



Note: NA - Not available. 

" Data include S/Es whoso primary work activity ,s basic research or. in educational institutions, research and development 
S/Es whose primary work activity is military have been included with Federal Government 
SOURCE: National Science Foundation. Surveys of Science Resources Series. U.S. Scionusts and Engineers, 1986 



100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100.0 

100.0 

100.0 

100.0 
100.0 
100.0 
100.0 



1.6 12,600 100.0 



100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.C 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 



See figures 5*2 and 5«5. 
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Appendix table 5-4. Ph.D. scientists and engineers in academic research and development anu basic research:' 

1985 



Business & Federal 

industry Education Nonprofit Government^ All institutions 

pjg,(j Number Percent Nu mber Pcrceii. Number Percent Number Percent Number Percen t 

joja, 6^20 8 7 60,739 77.3 3.447 4.4 6.293 8.0 78.570 100.0 

Total scientists 6.211 8.6 55.550 76.9 3.392 4.7 5.726 7.9 72.200 100.0 

Physical scientists 3.377 20.7 10.695 65.4 ^43 5.2 1.357 8.3 16.341 100.0 

Chemists 2.520 29.7 5.072 59.9 22"^ 2.7 605 7.1 8.474 100.0 

PhysicistsraVlronomers 857 10.9 5.623 71.5 618 7.9 752 9.6 7.867 .00.0 

Environmental sdont!sts 341 7.9 2.701 62.5 290 6.7 927 21.5 4.320 100.0 

Atmospheric scientists 45 4.7 608 63.1 144 15.0 161 16.7 963 00.0 

Earth scientists 263 11.3 1.335 57.2 78 3.3 604 25.9 2.334 100.0 

SeanogSs 33 3.2 758 74.1 68 6.6 162 15.8 1.023 100.0 

Mathematical scientists 154 5.9 2.396 91.1 44 1.7 36 1.4 2.630 100.0 

Computer specialists 180 10.6 1.438 8^.6 10 0.6 7i 4.2 1.693 100.0 

Lite scientists 2.064 5.5 29.150 78.0 1.951 5.2 3.19S 8.6 37.372 100.0 

Agricultural scientists 101 2.0 4.271 84.8 53 1.1 552 11.0 5.034 100.0 

Bfological scientists 1.666 6.3 20.017 75.3 1.854 7.0 2.422 9.1 26.600 000 

Medical scientists 297 5.2 4.862 84.7 179 3.1 225 3.9 5.738 100'. 

Psychologists 55 1.4 3.607 93.7 89 2.3 56 1.5 3.849 100.0 

Social scientists 40 0.7 5,563 93.7 165 2.8 00 1.3 5.939 100.0 

Economists 10 0.4 2.344 99.3 0 0.0 7 0 3 2.361 100.0 

Sociologists-'anthropologists .... 3 0.2 1.336 95.6 54 3.9 0 0.0 1 398 100.0 

Other social scientists 27 1.2 1.883 86.4 111 5.1 73 3.3 2.180 100.0 

Total enqineers 609 9.5 5.189 80.8 55 0.9 567 8.8 6.420 100.0 

aSuS^^^ 16 3.2 252 61.5 2 0.5 140 34.1 410 100.0 

Chpmleal 69 10.1 566 82.9 0 0.0 48 7.0 6P... ^J0.0 

cJJl 32 5.3 571 94.7 0 0.0 0 0.0 603 100.0 

ElectriVaMnics'.::: 108 12.1 781 87.9 0 0.0 0 0.0 889 100.0 

Materials 166 18.9 488 55.5 48 5.5 177 20.1 879 100.0 

Mechanical":: 24 3.5 619 90.4 0 0.0 42 6.1 685 100.0 

Nuclear 28 9.6 263 90.4 0 0.0 0 0.0 291 100.0 

Systems designengineers 16 8.0 178 89.4 C 2.5 0 0.0 199 100.0 

Other engineers 150 8.4 1.471 82.6 0 0.0 160 9.0 1.781 10 0.0 

« Data include S/Es whose primary work aciivjty is basic research or. in e<iucational insiilulions. research ano development 

» S/E*s whose primary work activity is military have been included with Federal Government. 

SOURCE: National Science Foundation. Charactonstics of Doctoral Scionttsts and engineers in Um Unttod States, 1985 

See Iiguro 5-6 Science & Engineering Indicators— 1987 
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Appendix table 5-5. Doctoral scientists and engineers in research,' by 
gender: 1975 and 1985 

^^^^Q'" Total Male Female Male Female 

1975 

Percent 

Total 110.765 100.660 10.105 00.9 9.1 

4-year univeisities and colleges 99,226 90.182 9,044 90.9 9.1 

Business and Industry 4,273 4,024 249 94.2 5 8 

Other non-profit 2.238 1.908 33f/ 85.3 14!7 

Federal government 4,679 4,267 91,2 8 8 

State and local qovernments 349 279 ^70 79 9 20 1 

1^5 

Percent 

Total 137.608 1 1 7,458 20.1 50 85.4 14.6 

4-year universities and colleges 120,691 102,731 17,960 85.1 14.9 

Business and industry 6.820 6.135 685 90.0 10.0 

Other non-profit 3,447 2.736 71 1 79!4 2O.6 

Federal government 6.189 5.456 733 88.2 1l!8 

State and local governments 461 400 61 86.8 13 2 

» Data Include doctoral S/E's whose primary or secondary v,oik activity is basic research or. in 4-year colleges 
and universities, research and development. 

SOURCE: National Academy of Sciences. Survey of Doctoral Recipients (special tabulations prepared for the 
National Science Foundation, 1986) 

See figure 5-3. Science & Engineering Indicators— 1987 



Appendix table 5-6. Doctoral scientists and engineers in research' by race 
and type of employer: 1975 and 1985 



Sector 


Total 


White 


Black 


Asian 


Other 








1975 






Total 




100.524 


874 


6.310 


3,057 


4-year univeisities and colleges 


99,226 


90.211 


755 


5,459 


2.801 


Business and industry 


4,273 


3.772 


19 


373 


109 


Other non-profit . . . v. 


?,238 


1.920 


13 


23r 


66 


Federal governmen/ 


4,679 


4.303 


83 


222 


71 


State and local governments 


349 


318 


4 


17 


10 








1985 






Total 


137.147 


122,602 


1,606 


12,331 


1.069 


4-year universities and colleges 


120,691 


107,809 


1.466 


10,522 


894 


Business and industry 


6.820 


5,786 


64 


888 


82 


Other non-profit 


3.447 


2.954 


6 


457 


30 


Federal government 


6,189 


5,594 


70 


462 


63 


State and local governments 


NA 


459 


NA 


2 


NA 



* Data include doctoral S/E's whose primary or secondary work activity is basic research or. m 4-year colleges 
and uni'/ersities, research and development. 

SOURCE: National Academy of Sciences. Survey of Doctoral Recipient;, (special tabulations prepared for the 
National Science Foundation. 1986) 

See figure 5-4. Science & Engineering lndicatof<5— 1987 
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Appendix lable 5-7. Foreign recipients of U.S. doctoral degrees^ with postgraduation plans, by field of science: 1972 

& 1986 



Doctorate recipients with 
firm plans 



Doctorate recipients with 
ft:m plans in U.S. 



Employment 



Fields 



Total 




U.S. 


Abroad 


Study' 


Academic 


Industrial 


Other 






Doctoral recipients — 


1972 






9 1 RQ 


1 '^07 


408 


989 


251 


94 


30 


30 


oo/ 


OACk 
cA\} 


105 


135 


94 


6 


4 


0 


209 


132 


64 


68 


56 


4 


3 


0 


178 


108 


41 


67 




2 


1 


0 


64 


43 


10 


33 


4 


3 


1 


o 

c. 






42 


60 


16 


22 


2 


2 


MA 


MA 


NA 


NA 


NA 


NA 


NA 


NA 




OO^ 


83 


276 


71 


7 


2 


1 






70 


135 


61 


5 


1 


1 




1 

1 o*t 


13 


141 


10 


2 


1 


0 


y1 1 C 
H lO 


Qlyl 


62 


252 


9 


33 


0 


20 


/{J 


*tO 


13 


35 


2 


9 


1 


1 


31^7 


9Q1 


93 


198 


55 


14 


20 


4 






Doctoral recipients — 


1986 






**.UO 1 


9 Cl 7 


1.371 


1.040 


744 


365 


233 


29 


/do 


*ti7/ 


344 


109 


294 


23 


24 


3 


365 


248 


165 


63 


137 


12 


15 


1 


393 


249 


179 


46 


157 


11 


9 


2 


106 


71 


32 


37 


24 


4 


3 


1 


etc. 


194 


123 


54 


48 


71 


3 


1 


1 90 


84 


59 


22 


9 


31 


18 


1 


71 1 
/II 


493 


187 


272 


162 


14 


9 


2 




275 


146 


108 


132 


9 


3 


2 


320 


218 


41 


164 


30 


5 


6 


0 


633 


414 


115 


268 


18 


85 


4 


3 


oU 


44 


16 


25 


8 


7 


0 


1 


1 QCO 
1 .OOi^ 


820 


495 


253 


181 


130 


172 


12 




Percent of all foreign recipients with firm plans — 


. 1972 






100 


292 


70 8 


18.0 


6.7 


2.1 


2.1 




100 


43.8 


56.3 


39.2 


2.5 


1.7 


0.0 




100 


48.5 


51.5 


42.4 


3.0 


2.3 


0.0 




10c 


38.0 


62.0 


35.2 


1.9 


09 


0.0 




100 


23.3 


76.7 


93 


7.0 


2.3 


A 7 
4./ 




100 


41.2 


58.8 


15.7 


21.6 


2.0 


2.0 




NA 


NA 


NA 


NA 


NA 


NA 


NA 




100 


23.1 


76.9 


19.8 


1.9 


0.6 


0.3 




100 


34.1 


65.9 


29.8 


2.4 


0.5 


0.5 




100 


8.4 


91.6 


6.5 


1.3 


0.6 


00 




100 


19.7 


80.3 


2.9 


10.5 


0.0 


6.4 




100 


27.1 


72.9 


4.2 


18.3 


?.1 


2.1 




100 


32.0 


68.0 


18.9 


4.8 


6.9 


1.4 




Percent of all foreign recipients with firm plans- 


-1986 






100 


52.4 


39.7 


28.4 


13.9 


8.9 


1.1 




100 


69.2 


21.9 


59.2 


4.6 


4.8 


0.6 




100 


66.5 


25.4 


55.2 


4.8 


6.0 


0.4 




100 


71.9 


18.5 


63.1 


4.4 


3.6 


0.8 




100 


4£ ^ 


52.1 


33.8 


5.6 


4.2 


1.4 




100 


63.4 


27.8 


24.7 


36.6 


1.5 


0.5 




100 


70.2 


26.2 


10.7 


36.9 


21.4 


1.2 




100 


37.9 


55.2 


32.9 


2.8 


1.8 


0.4 




100 


53.1 


39.3 


48.0 


3.3 


1.1 


0.7 




100 


188 


75.2 


13.8 


2.3 


2.8 


0.0 




100 


27.8 


64.7 


4.3 


20.5 


1.0 


1.9 




100 


36.4 


56.8 


18.2 


15.9 


0.0 


2.3 




100 


60.4 


30.9 


22.1 


15.9 


21.0 


1.5 



Total science/engineering fieldo 

Physical sciences • - • - 

Physics/astronomy - 

Chemistry 

Earth, environmental & marine sciences 
Mathematical sciences .... — .... — 

Computer science - ■ ■ - 

Life sciences - • " 

Biological sciences 

Agricultural sciences — 

Social sciences • 

Psychology - — « ■ ■ 

Engineering 



Total science/engineering fields 

Physical sciences - 

Physics/astronomy 

Chemistry 

Earth, environmental & marine sciences 

Mathematical sciences 

Computer science 

Life sciences 

Biological sciences 

Agricultural sciences 

Social sciences . . 

Psychology .... 

Engineering ..... 



Total science/engineering fields 

Physical sciences ■ - 

Physics/astronomy - . . . 

Chemistry . . — 

Earth, environmental & marine sciences 

Mathematical sciences . . 

Computer science 

Life sciences • 

Biological sciences 

Agricultural sciences 

Social sciences — 

Psychology 

Engineering ... - • - 



Total science/engineenng fields 

Physical sciences — 

Physics/astronomy 

Chemistry 

Earth, environmental & marine sciences 

Mathematical sciences 

Computer science 

Life sciences 

Biological sciences 

Agricultural sciences 

Social sciences 

Psychology • • — 

ci;gineering 



Note: NA - not available 

» Excludes foreign doctorate recipients holding U S permanent residence visas 
' Includes postdoctoral research assistants- 

SOURCE; National Research Council. Office of Scientific and Engineering Personnel, Doctorate Records File, special tabulations 

^ ' , Science & Engineenng Indicators — 1987 
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Appendix tab!e 5-8. Proportion of Ph.D. researchers' who remained employed 

in sector: 1973-85 



Empioymenl sectors 

Business 4 year colleges Nonprofit Federal 
"^^^^ ^ ' and Industry and universities ins titutions Government 

' Percent 

All fields: 

1973-75 96.0 96.4 67.3 82 2 

1975-77 96.4 95.4 76 4 90 3 

1-7^-79 95.5 94.3 78.5 91^8 

1979-81 96.5 95.2 77 3 93 0 

1981-83 95.4 94.8 66 6 933 

1983-85 96.5 95.6 75.5 89.3 

Scientists: 

1973-75 96.2 96.4 68.6 82 4 

1975-77 96.8 95.3 73.8 89 7 

1977-79 95.0 94.6 78.4 92 2 

1979-81 96.1 95.3 ggg 

1981-83 96.1 94.7 67 1 930 

1983-85 95.8 95.4 74.2 89.6 

Engineers: 

1973-75 95.5 95 8 3 ^ 

1975-77 95.5 96.8 94.5 95 q 

1977-79 96.9 91.9 79.8 88 3 

1979-81 97.7 94.2 93 2 933 

1981-83 93.9 96.2 64 6 972 

1983-85 98.1 96.9 82.8 87^5 

» Data include doctoral S/E"s whose primary or secondary work activity is basic research or. in 4.year colleqes 
and universities, research and development. 

2 The suivey instrument is collected biennially. The proportions shown are those giving the same answer to the 
sector-of-employment question in the second year ol tne range as they did m the first year. 

SOURCE: National Academy ol Sciences. Survey ol Doctoral Recipients (special tabulations prepared lor the 
National Science Foundation. 1986) 

See figure 5-9. Science & Engineering Indicators— 1987 
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Appendix table 5-9. Scientists and e ngineers in academic research and development and basic research:' 1976-1986 

pjenj 1976 1973 ^980 1982 1984 1986 

■j-Qlai 92,900 105,900 127,200 150,500 188,200 213,300 

Total scientists 79,200 93.800 110,600 129,400 156,300 175.700 

Physical scientists 21,700 23,600 24,900 26,800 27,400 32,500 

Ohemists ■ ■■■ 9.500 10,200 11,300 12,300 11,900 13,900 

Physicists/aVtronomers 10,700 10,700 10,800 10,800 12,700 15,900 

Other physical scie.ntists 1.600 2,800 2,700 3,600 2,900 2,900 

Environmental scientists 6,700 6,800 7.800 9,100 12,400 12,800 

Atmospheric scientists 1.300 1.900 1.900 2.500 3.100 2.200 

Earth scientists 5.300 3.300 4.300 5.300 8.300 8.700 

Oceanographers 200 1,700 1.600 1.400 1,000 1,900 

Mathematical scientists 2,300 3,000 3,500 4,000 5,300 7,300 

Computer specialists 1.200 2,200 2,300 2,800 6,000 7,200 

Life scientists 33.400 44,600 55,600 66,800 74,300 83,900 

Agricultural scientis'ts':: 4,700 6,600 8,200 10,500 12,000 14,800 

Biological scientists 23,400 28,900 38,300 47,600 53,700 58,800 

Medical scientists 5,500 9,300 9,200 8,600 8,600 10,300 

Psychologists 4,000 4,900 6,000 6,300 10,900 12,600 

Social scientists 9,900 8,700 10.500 13.600 20.300 19.500 

Economists 2.100 2.000 3.200 5.300 7.900 8.300 

Sociologists/anthropologists 4.300 3.300 4.600 5.300 5.200 6.100 

Other social scientists 3.500 2.900 2.700 3.000 7.100 5.100 

Total engineers 13.600 12.000 16.500 21.100 31.800 37.800 

Aeronautical and astronautical 1.200 400 900 NA NA 2.700 

Chemical 500 700 1.200 1.400 2.200 3.300 

c" 1.800 1.000 1.500 1.500 2.500 3.100 

ElectricaVeleclronics'::::: 3.300 3.500 4.800 7.000 8.400 10.800 

Industrial NA NA NA 400 500 700 

Materials NA NA NA 1.300 2.500 2.300 

Mechanical".:::::::::::.'.: 2.300 1.800 2.400 3,200 6.700 6.800 

Minina NA NA NA 300 500 300 

M,,p,par NA NA NA 400 500 400 

Petroleum".:::::::::::::::::::.::: na na na 4oo na 4oo 



Other engineers , 



4,300 4,600 5,900 4,000 6,500 7,000 



Note: NA ^ Not available. 

« Includes scientists and engineers whose prinnary work activity is basic research or, m 4-year colleges and universities, research and development 
SOURCE: National Science Foundation, U.S. Scientists and Engineers, 1986 

See figure 5-7 Science & Engineering Ir 'icators— 1987 
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Appendix table 5-10. Ph.D. scientists and engineers in academic research 
and development and basic research:^ 1977-1985 

f!!l^ 1977 1979 1981 1983 1985 

56,123 61,468 70,004 72,329 78,570 

Total scientists 51,926 56,767 64,694 66,245 72,200 

Physical scientists 13,887 13,973 15,818 15,873 16 341 

^^emists 7,558 7,413 8,686 8,242 8 474 

Physicists/astronomers 6,329 6,560 7,132 7,631 7,867 

Environmental scientists 3,021 3,341 4,024 3,851 4 320 

Atmospheric scientists , 559 730 812 871 963 

Earth scientists 1 ,788 1 ,935 2,279 2 119 2 334 

Oceanographers 664 676 ' 933 861 1,023 

Mathematical scientists 2,154 2,447 2,121 2,159 2 630 

Computer specialists 598 756 1,061 1,165 1,699 

Life scientists 24,706 28,383 33,530 34,238 37 372 

Agricultural scientists 3,749 3,921 4,719 4,382 5 034 

Biological scientists 17,149 19,451 22,888 24,664 26 600 

Medical scientists 3,808 5,011 5,923 5^92 5,738 

Psychologists 2,848 3,599 3,649 3,439 3.849 

Social scientists 4,712 4,268 4,491 5520 5 939 

Economists 1,216 1,217 1,321 2!o51 2361 

Sociologists/anthropologists 1,386 1,331 1,422 1.553 1 398 

Other social scientists 2,110 1,720 1.748 1*916 2!l80 

Total engineers 4,197 4701 5,310 6,084 6,420 

Aeronautical and astronautical na NA 316 '451 '410 

Ol\em\ca\ na nA 433 492 683 

27" ■. NA NA 445 492 603 

Electrical/electronics na NA 700 822 889 

Materials fj^ na 735 1 180 879 

Mechanical na NA 540 345 685 

Nuclear na NA 299 339 291 

Systems design na NA 358 203 199 

Other engineers na NA 1,484 1,760 1.781 

Note: NA = Not available. 

» Includes scientists and engineers whose primary work activity is basic research or. m 4-year colleaes and 
universities, research and development. 

SOURCE: National Science Foundation, Characteristics of Doctoral Saentists and Engineers in the United 
States, 1985 

See figure 5-8. Science & Engineering Indicators— 1987 
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Appendix table 5-11. Proportion of Ph.D. researchers employed in nonprofits and government who moved to other 

s ectors: 1973-85 

Mobility from nonprofits to: Mobiliiy from government to: 

Year^ and Business Colleges and Federal Business Colleges and Nonprofit 

field and industry universities Government and industry universities institutions 

Percent 

Ainields: ^ 

1973.75 5.4 22.1 3.8 3 10.6 1.8 

1975.77 3.6 14.1 2.5 1.8 4 2 

1977.79 4.7 12.9 1.3 0.9 3.3 1.3 

I979.8I 4.0 10.6 6.5 2.4 2.8 0.3 

1981-83 18.5 11.4 1.5 3 2.4 0.5 

1983-85 10-4 11.3 1.4 2 4.9 1.4 

Scientists: 

1973.75 .... 4.9 21.4 3.8 2.7 10.4 1.7 

1975.77 . . 3.7 16.1 2.5 1.7 4.2 2.3 

1977.79 3.6 13.7 1.4 1 3.7 0.9 

I979.81 4.9 11.6 8.0 2.4 2.7 0.3 

1981.83 15.0 13.6 1.9 3.3 2.5 0.5 

1983-85 9.6 12.9 1.6 1.7 5 0.5 

Engineers: ^ . ^ 

1973.75 8.3 25.9 NA 4.6 11.9 2.4 

1975.77 ' 2.8 NA NA 2.3 2.7 NA 

1977,79 13.9 6.4 0.2 NA NA 5.2 

1979.81 ■■■■ NA 6.5 NA 1.9 3.6 0.6 

t98i.83 ' 0.8 1.5 2.8 NA 1.4 1.4 

1983-85 15.2 1^9 37 47 3.3 

» Data include doctoral S'Es whose primary or secoridary work activity is basic research or, in 4-year colleges and universities, research and development 
2 The survey data are collected biennially. 

SOURCE: National Academy ot Sciences. Survey ol Doctoral Recipients (special tabulations prepared for the National Science Foundation. 1986) 

Science & Engineering Indicators— 1987 
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Appendix table 5-12. Proportion of Ph.D. researcliers' wlio moved between 
university and industry: 1973-85 

From universities and From business and industry 
colleges to business and to universities and 
Yea r' and field indust ry colleges 

All, ,4 ' -Percent 

All fields: 

19"/3-75 1.7 

1975-77 1.8 2 , 

1977-79 2.4 23 

1979-81 2.5 2I 

1981-83 2.8 2 8 

1983-85 2.3 1.6 

Scientists: 

1973-75 1.7 

1975-77 1.8 20 

1977-79 2.2 fo 

1979-81 2.5 21 

1981-83 2.8 2 

1983-85 2.3 22 

Engineers: 

1973-75 2 4 00 

1975-77 2.3 24 

1977-79 44 3^ 

1979-81 3.4 *' 

1981-83 2.6 44 

1983-85 1^ 

■ Doctoral S/E's in Industry whose primary or secondary work aclivily is basic research or. in 4-year col'eaes and 
universities, rssearch and development. ^ 
' The survey data are collected biennially 

SOURCE: National Academy ol Sciences, Survey of Doctoral Recipients (special tabulations prepared for the 
National Science Foundation, 1986) <.Haieu lui me 

Science & Enginee'ing Indicators— 1987 
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Appendix table 5-13. Cross-sectoral institutional coauthorship: 1973, 1977, 1981, and 1984 



Articles' Percent 



Sectors^ 


1 «// o 


1Q77 


1QRi 

1 «/0 1 


1984 


1973 


1977 


1981 


1984 


Participation in industry articles: 




















1,603 


1,631 


2,310 


2,877 


13.1 


15.3 


20.1 


24.3 




164 


140 


225 


351 


1.3 


1.3 


2.0 


3.0 




106 


133 


199 


309 


0.9 


1.2 


1.7 


2.6 




433 


463 


563 


762 


3.5 


4.4 


4.9 


6.4 


Participation in nonprofit articles: 




















4,570 


4,689 


5,831 


6,093 


45.3 


47.9 


51.3 


53.0 




164 


140 


225 


351 


1.6 


1.4 


2.0 


3.1 






HO 










0.7 


0.9 




716 


743 


876 


857 


7.1 


7.6 


7.7 


7.5 


Participation in FFRDC articles: 




















1,408 


1,485 


1.811 


1,879 


29,7 


31.3 


32.5 


37.3 




106 


133 


199 


309 


2.2 


2.8 


3.6 


6.1 




38 


48 


75 


104 


0.8 


1.0 


1.3 


2.1 




110 


136 


208 


263 


2.3 


2.9 


3.7 


5.2 


Participation in Federal Government articles: 






















6,816 


7.957 


8,228 


35.0 


40.8 


45.4 


47.6 




433 


463 


563 


762 


2.4 


2.8 


3.2 


4.4 




716 


743 


876 


857 


3.9 


4.4 


5.0 


5.0 




110 


136 


208 


263 


0.6 


0.8 


1.2 


1.5 


Participation in university articles: 














2.8 






1.603 


1,631 


2,310 


2,877 


2.0 


2.1 


3.4 




4,570 


4,689 


5,831 


6,093 


5.7 


6.0 


6.9 


7.2 




1,408 


1,485 


1.811 


1,879 


1.7 


1.9 


2.2 


2.2 




6,372 


6,816 


7,957 


8,228 


7.9 


8.7 


9.5 


9.8 



Note. One cross-sectoral mstjtutional coauthorship is counted when an ai tide with an author from one sector also lists an author from another sector For example, in 
1 973, 1 ,603 articles listed authors from institutions in both the industry and the university sectors. This represented 1 3. 1 percent of all articles carrying at least one author 
from industry, and 2.0 percent of articles with at least one university author. 

' Based on the articles, notes, and reviews in over 2.100 influential journals carried on the 1973 Science Citation Index Corporate Tapes of ihe Institute for Scientific 

Information. 

^ U.S. institutions only. 

SOURCE. Computer Horizons. Inc.. Sc/ence Indicators Literature Data Babe, Series 12 (tabulations piepared lor the National Science Foundation. January. 1987) 
See figure 5«10. Science & Engineering Indicators— 1987 
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Appendix table 5-14. United States cross-sector 
citations: 1973, 1977, 198 1, and 1984 

Year of cited papers 

Sectors^ 1973 1977 198 1 1984 

— Relative citation index^ — 

University articles citing: 

Industry o.38 0.38 0.41 0.36 

Nonprofits i.03 0.93 0.93 0.60 

PPRDC's 0.75 0.63 0.73 0.81 

Government o.82 0.84 0.81 0.53 

Industry articles citing: 

University 0.65 0.62 0.56 0.38 

Nonprofit o.46 0.43 0.48 0.28 

PPRDC's 0.97 0.96 1.03 0.67 

Government 0.75 0.77 0.67 0.54 

Nonprofit articles citing: 

University 0.95 0.93 0.83 0.62 

Industry o.25 0.26 0.24 0.45 

PPRDC's 0.29 0.23 0.30 0.39 

Government i.oi i.06 0.96 0.69 

FFRDC articles citing: 

University o.83 0.80 0.67 0.60 

Industry o.70 0.72 0.73 0.70 

Nonprofits o.40 0.31 0.28 0.26 

Government 0.66 0.60 0.61 0.42 

Federal government articles citing: 

University o.83 0.81 0.70 0.49 

Industry o.44 0.42 0.43 0.56 

Nonprofits i.i2 1.01 0.97 0.47 

PPRDC's 0.66 0.54 0.58 0.62 

Note: Based on the articles, notes and reviews in over 2, 100 of the influential 
journals carried on the 1 973 Science Citatton Index Corporate Tapes o\ the 
Institute for Scientrfic Information. 

» Articles are assigned to sectors based on the institutional addresses of the 
articles' authors. Articles with addresses from more than one sector are 
divided proportionately among the sectors. 

^A citation ratio of 1.00 reflects no over- or under-citing of the sectors 
scientific and technical literature, whereas a higher ratio indicates a greater 
citation of that sector's articles for that year For example, literature produced 
in the nonprofit sector in 1973 received 3 percent more citations from 
universities than would be expected based on the number of articles 
published. 

SOURCE: Computer Horizons, Inc , Science Indicators Literature Data 
Base. Series 13 (tabulations prepared for the National Science Foundation. 
January 1987) 
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Appendix table 5-15. Institutional co-authorship between the Industry and university sectors, by field: 1973-84 



Fields' 1973 1977 1980 1981 1982 1983 1984 



Universily'induslry co-authored articles^ 
as a percent of all industry articles 



All fields 13 15 19 22 24 23 25 

Clinical medicine 21 23 30 30 34 33 35 

Biomedicine 19 26 32 35 37 35 35 

Biology 19 28 35 23 46 42 37 

Chemistry 9 10 13 13 17 15 16 

Physics 13 15 18 20 21 23 25 

Earth and space sciences 28 27 31 34 35 33 36 

Engineering and technology 9 10 13 16 17 16 17 

Mathematics 28 39 39 43 35 43 42 

Univeisity-industry co-authored papers^ 



AH fields 1.566 1,595 2,017 2,905 3,297 3,386 3584 

Clinical medicine 329 331 467 636 768 779 916 

Biomedicine 117 148 175 276 305 334 391 

Biology 86 113 116 176 246 210 213 

Chemistry 185 158 215 269 357 328 327 

Physics....' 246 200 423 508 575 603 650 

Earth and space sciences 102 95 119 207 241 222 251 

Engineering and technology 463 418 459 746 732 811 757 

Mathematics 38 42 43 89 73 100 79 



Industry articles 



All fields 12,130 10,544 10,422 13.462 13,705 14,598 14220 

Clinical "medicine 1.600 1,413 1.533 2.086 2,257 2.394 2608 

Biomedicine 618 567 548 782 824 966 1109 

Biology 446 407 332 752 533 500 571 

Chemistry.. 1.983 1,539 1.708 1,999 2,124 2.143 2007 

Physics 1.911 1,932 2.302 2,559 2,713 2.623 2553 

Earth and space sciences 358 348 381 606 691 664 698 

Engineering and technology 5,130 4,231 3,507 4,770 4,356 5,075 4483 

Mathematics 134 107 111 208 208 235 189 



Note: Data lor t973- 1980 are Dasedon the arlicies. notes and reviews mover 2. 1 00 of the mlluentialjuurnals carried on the \973ScteiicoCimon Index Corporate Tapes 
o! ttie Institute lor Scientific Information. Data for 1981-1984 use over 3.500 journals on t.ie 1981 Scionce Citation Index Corporate Tapes 
' See appendix table 5-27 for a description of the subfields included in these fields 

' Articles with authors from both '.ho U.S, industrial sector and the U.S. university sector Foreign institutions are not divided ,Mo sectors 

SOURCE. Computer Horizon, tnc. Science Indicators Literature Data Base, Series \Z (tabulatiuns prepared loi the National Science Foundation. Januarv 1987) 

See figure 0-32 in Overview. Science a Engineenng Indicators— 1987 
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Appendix table 5-16. Ways of relating to universities reported by business respondents , by size of company 

Size ot compan y (employees) 

Waysolrelaling Respondenis M9 20-99 100-499 500. 

c ^ -i -i , Percent reporting 

Employees attended conferences 45 20 43 59 

Company recruited graduates ] ' . 

Company got technical services ] ] ] 4^ 47 ^5 

Company provided financial aid for courses 38 ^7 33 co 7c 

Informal unpaid interaction , 28 25 23 2ft it 

Company donated funds/equipment 28 18 26 34 

Internships, co-op education ]]] 23 10 17 31 53 

Company employed faculty consultants 22 14 19 07 40 

Company contributed services to universities 20 16 IS 21 '^ft 

Other professional interaction , ^5 ^2 14 29 

Universities contributed services to company 12 11 ft 

Research contracts , 6 6 10 27 

Research grants/consortia 7 ^ ^ " ^' 

Universities reimbursed company for services 5 5 3 2 

Universities held financial interest in company 1 2 < 1 2 

Number of respondents ^ 246 458 274 1 74 ^ 

* Less than 0,5 porcenl ~ 
r^SZZ:^^^^^^^^ Con,o„orRosoa,chonU„l.a„ono.Know-odgo.,ns,„u,e 
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Appendix table 5-17. Ways of relating to universities reported by business respondents, by company stage of 

development 



Stage q{ development 



Ways of relating 



Start'up 



Rapid 
growth 



Steady 
growth 



Stable Dcchning 



■ Percent responding 



Employees attended conferences 

Company recruited graduates — 

Company got tochnical services 

Company provided financial aid for courses . . . 
Informal unpaid interaction .................. 

Company donated funds/equipment ......... 

Internships, co-op education ................ 

Company employed faculty consultants — . . 
Company contributed services to universities . 
Other professional interaction .............. 

Universities contributed services to company . 

Research contracts 

Research grants/consortia ................. 

Universities reimbursed company for services 
Universities held financial interest in company 

Number of respondents 



33 


51 


49 


41 


32 


25 


58 


45 


34 


27 


57 


38 


37 


39 


52 


12 


45 


45 


34 


32 


28 


32 


28 


27 


19 


11 


33 


31 


27 


ie 


14 


30 


26 


20 


15 


33 


29 


21 


17 


19 


22 


31 


20 


16 


16 


24 


16 


16 


13 


12 


9 


12 


13 


13 


12 


14 


10 


11 


8 


12 


7 


6 


7 


8 


6 


4 


7 


5 


4 


3 


4 


2 


1 


1 


3 


81 


202 


488 


3u8 


68 



SOURCE: OonakJC, PeizandScunrtL. Han. BusinessFirmSiudyi Bastt DauonRciattoni with Umvct&itit*. Centc» foi Research on UliIi/»Jtion of Knowledge. Institute 
for Socia' Research^ University of Michigan. May i, i986 
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Appendix table 5-18. Faculty consultants to small business, by field and type of Institution 



Comprehensive Specialized 
Research Other doctoral colleges and Baccalaureate S&T 
Piel^i Total universilies universities universities institutions institutions 



Percent^ = 

Total NA 32.4 34.2 55.1 60.0 34.0 

Engineering 29.8 23.5 25.0 44.4 NA 17 6 

Physical sciences 43.6 41.2 34.1 50.0 62.5 43.5 

Environmental sciences 52.1 22.2 30.8 100.0 100.0 0.0 

Computer sciences 31.5 21.1 27.8 40.0 50.0 50.0 

Mathematics/staostics ......... 52.7 40.0 33.3 66.7 33.3 50.0 

Biological sciences 52.2 40.8 5U SM 64£ NA^ 



Note? Estimated from a national sample (N 29«395) 

Nole:NA - Not available. 

* Field i*i which facolty member teaches 

» Percent of faculty whoso last consulting client wis a small business 

SOURCE: B DarVne't and Nasatir. Consulting as a Science Indicator. Frnai Report to mc Na^aal Swerve Fuwndalion under Crnnt SRS 8307778. May < 1907 
p.3^ 
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Appendix table 5-19. Mos t active university patent classes: 1969-85 

P^^^"^ ^'^ss Total 1 969 1 970 1971 1 972 1 973 1 974 1 975 1 976 1 97 7 1 978 1 979 

Measuring and testing i86 10 10 10 U ri 3 lO ~9 15 10 i4~~ 

Su^Sery 306 9 9 5 10 20 8 24 13 17 14 14 

Chemistry, electrical & v/ave energy .. i48 6 3 4 7 8 6 6 12 8 6 7 

Liquid purification or separation ... 88 1 3 5 4 7 4 3 8 5 9 2 

Radiant energy 135 1 4 5 l 7 8 6 15 17 9 4 

Chemistry, carbon compounds 252 4 8 9 5 11 8 11 11 15 10 ^^ 

Electricity, measuring & testing 90 5 9 4 1 3 5 2 3 3 5 o 

Optics, systems & elements 85 3 4 1 3 2 2 4 4 2 6 5 

Optics, measuring & testing 77 1 5 9 1 2 3 1 5 3 2 6 

Electrical computers & data processing 

systems 94 1 6 10 2 3 5 5 4 3 8 6 

X-ray or gamma ray systems 58 1 1 2 2 6 2 2 8 6 8 2 

Chemistry, inorganic 88 3 6 6 4 3 211 3 6IF 4 

Food or edible material 88 2 0 3 4 4 7 7 4 9 4 4 

Drug, bio-affecting & body treating 

comps. (Patent class 424) 248 4 6 9 5 4 8 13 14 16 15 9 

Stock material 01 misc. articles ....... 58 0 0 2 4 1 4 2 1 4 3 3 

Chemistry: mole. bid. & microbiology .306 5 4 3 10 7 14 11 14 13 13 12 
Chemistry: analytical & immunological 

testing 150 0 1 1 4 2 2 9 11 11 n 5 

Drug, bio-affecting & body treating 

compositions (Patent class 514) .... 373 5 3 4 7 6 8 11 19 21 26 18 
Organic compounds, part of class 

532-570 series. (Patent class 536) .. 73 1 2242257355 
Organic compounds, part cf class 

532-570 series. (Patent c'ass 549) 74 01003046562 
Organic compounds, part 01 class 

532-570 series. (Patent cla^s 568) 56 30141467870 
Prosthesis, parts thereof or aids 

& accessories 55 2 1 4 7 4 2 1 2 3 1 3 

Note- Data are shown for the patent classes that accounted for one percent or more of total academic patenting act.vity. 

SOURCE- U.S. Department of Commerce. Patent and Trademark Office, special tabulations for National Science Foundation 



1980 1981 1982 1983 1984 1985 



8 
21 
7 
6 
7 

19 
3 
7 
8 



2 
1 
6 

10 

3 

19 
17 
31 
2 



10 
17 
19 
3 
8 

32 
5 
7 
8 



0 
8 
5 

19 
7 

29 
14 
30 
8 

11 
2 
4 



11 

29 
9 
7 
9 

19 
9 
5 
2 



8 
6 
7 

30 
6 

38 
5 

40 
7 

8 
2 
4 



10 


14 


20 


26 


36 


34 


13 


17 


10 


4 


6 


11 




1o 


9 


15 


32 


32 


7 


8 


6 


6 


8 


16 


9 


3 


9 


8 


12 


9 


1 


0 


4 


2 


4 


4 


9 


5 


8 


27 


40 


19 


8 


7 


3 


37 


37 


35 


12 


24 


21 


45 


54 


45 


6 


4 


8 


8 


7 


4 


1 


2 


6 


1 


1 


10 
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Appendix table 5-20. U.S. doctoral degrees awarded to foreign nationals, 

by field: 1960-86 

Pieid I9 60 1965 1970 1975 1980 

All fields ^33 lis ill 15^9 

Science and engineering 18.2 22.0 18.2 21.7 20.8 

Physical sciences 13.0 17.4 16.1 22.6 22.9 

Physics and astronomy 14.2 19.8 17.3 27.2 24.4 

Chemistry 12.5 15.8 15.1 18.8 22.6 

Earth sciences 21.8 22.0 20.4 21.0 16.9 

Mathematical sciences 23.6 16.5 15.7 23.7 26.7 

Mathematics ..... NA NA NA NA 27.0 

Computer sciences NA NA NA NA 25.7 

Engineering 30.1 29.0 26.2 41.1 46.4 

Life sciences - 21.8 13.6 18.7 19.2 16.5 

B.^logical sciences 1 7.9 23.8 1 5.8 14.5 1 1 .8 

Agriculture and forestry 35.0 50.9 48.8 37.2 36.3 

Social sciences 10.5 13.8 11-9 10.8 10.0 

Psychology 5.6 4.5 5.2 5.7 3.9 

Other social sciences 15.4 21.7 16.7 14.9 16.7 

Total nonscience 5.9 8.5 7.7 8.6 9.8 

SOURCE: National Science Foundation, Science and Bngmeeung Doctorates 1960-86 (forthcoming) 



as a percent of all U.S. doctoral degrees, 



1981 1982 1983 1984 1985 



16.7 17.5 18.5 19.3 21.0 



1986 
21.1 



21.4 
22.4 
25.2 
21.8 



22.0 
23.2 
27.3 
22.7 



23.4 
23.5 
29.4 
23.7 



24.5 
24.0 
28.0 
27.5 



26.6 
25.9 
31.3 
22.7 



26.7 
28.8 
34.1 
25.5 



17.3 16.7 21.4 21.3 24.5 22.1 



30.1 
31.5 
25.9 

49.2 

16.1 
10.8 
36.7 

10.5 
3.8 
18.6 

10.6 



32.3 
32.4 
32.3 

50.1 

15.4 
11.8 



35.0 
36.4 
31.5 

53.5 

16.4 
11.7 



36.3 
38.4 
31.2 

53.0 

16.9 
12.3 



29.8 33.8 35.0 



11.4 

3.5 
20.6 

11.5 



10.8 
4.3 
18.9 

11.8 



12.5 
4.2 

22.8 

12.3 



37.3 
40.7 
29.7 

54.8 

19.0 
14.1 
35.8 

13.3 
4.6 
23.6 

13.1 



40.8 
42.2 
38.3 

50.7 



<9/ 



(9 
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Appendix table 5-21. U.S. doctoral recipients^ studying ab road, by field: 1967-83 
Earth, env.. & 



A" S&E carin. env.. & Agricultural Social 

^ "eMs Physics Chemistry marine sciences Engineering Biosciences Mathematics sciences scie nces Psychology 

Percent of doctoral recipients studying abroad 



lQfi7 


2.13 


3.49 


4.33 


1.73 


1.11 


1 ^DO . . , 


1.7o 


2.72 


3,07 


1.36 


1.05 


1 . . . 


1.0D 


3.97 


3.19 


2.87 


0.91 


l\J/\J ... 


1.90 


4.18 


3.43 


2.77 


0.75 


1Q71 




5.59 


5.72 


3.16 


1.56 


1Q79 




4.70 


5,14 


0.94 


1.15 


iiJiO . , . 


A A A 

1.44 


3.42 


2.27 


1.81 


0.63 


1974 


1.43 




o.o/ 


0.79 


0.53 


1975 ... 


1.54 


2.80 


3.03 


0.94 


1.02 


1976 ... 


1.54 


3.14 


3.42 


1.11 


0.91 


1977 ... 


1.33 


3.16 


2.23 


2.75 


0.82 


1978 ... 


1.26 


2.65 


2.32 


2.41 


0.85 


1979 ... 


1.61 


2.99 


2.10 


1,77 


1.15 


1980 ... 


1.42 


2.87 


2.21 


1.30 


0.79 


1981 ... 


1.73 


4.91 


2.41 


2.25 


0.98 


1982 ... 


1.63 


2.30 


3.01 


2.16 


0.70 


1983 ... 


1.46 


3.43 


2.74 


1.95 


1.08 



1967 . 

1968 . 

1969 . 

'i970 .:■ 

"1971 . 
19/2 
1973' , 
1974 
1975 
1976 
1977 
.1978 
'l979 . 
1980, 
198V ' 
I982".p 
1983 '\ 



11.063. 
'2.397 
13.846 
;5«545 
^Ki.589 
' 16530 
"<6.?A6 . 
14,8-10 : 
15,261 
14.85; 
14,386 
14,"056 
M.184 
14.114 
14.174' 
,13,855* 
13.961 



1.119 

' lv249 
\.2SS 

xm 

1,503 
1.4()3 
1.314 
1,054 
1.034 
987 
v9i9 
'868, 
870 
766 
774 

760-- 



',^48 
1,594 
1.753 
2.038 
2.011 
1.808 
1.633 
1.542 
' 1.519 
f.405^ 
1.343' 
1,293 
1.335 
1,269' 
, 1^9 
,/l.369 
1,424- ^ 



3.70 

3.41 

3.39 

3.23 

3.22 

3.42 

2.70 

2.71 

3.10 

4.26 

3.62 

2.55 

3.37 

2.94 

3.51 

3.09 

2.31 



1.39 
0.71 
0.32 
1.12 
0.74 
1.37 
1.45 
0.53 
1.11 
0.68 
0.58 
0.25 
1.21 
1.02 
0.79 
0.87 
0.66 



0.71 
0.63 
0.97 
1.00 
0.90 
1.46 
1.13 
0.95 
0.79 
0.75 
0.78 
0.35 
1.05 
1.49 
1.27 
2.24 
1.55 



0.20 
0.18 
0.33 
0.27 
0.16 
0.18 
0.29 
0.23 
0.36 
0.59 
0.43 
0.16 
0.48 
0.26 
0.37 
0.59 
0.52 



1967 


236 


39 


67 


6 


24 


1968 


214 


34 


49 


5 


25 


1969 ... 


258 


50 


56 


12 


25 


1970 ... 


296 


60 


70 


12 


22 


1971 


397 


84 


115 


16 


46 


1972 


347 


66 


93 


5 


34 


1973 


234 


45 


37 


10 


17 


1974 


212 


41 


52 


4 


12 


1975 


235 


29 


46 


5 


21 


'976 


229 


31 


48 


6 


17 


\V7 


191 


29 


30 


16 


14 


\m 


177 


23 


30 


13 


13 


1979 . 


228 


26 


28 


10 


18 


1980 ' . 


201 


22 


28 


7 


12 


I98r 


245 


38 


32 


11 


14 


1982 


225 


17 


41 


12 


10 


1983 


214 


26 


39 


10 


16 



Number of doctoral recipents studying abroad 



Number of all U.S. doctoral recipents 



347 
367 
418 
433 
506 
531 
554 
504 
530 
540 
581 
540 
566 
538 
488 
.557 
513 



2,155 

2,378 

2,736 

2,944 

2,948 

2,952 

2,699 

2,267 

2,1.^^4 

1,947 

1,798 

1.586 

1.615 

1,554 

1,471 

1.465 

1,482 



2,026 

2,436 

2,712 

2,975 

3,264 

3,216 

3,258 

2,957 

3,100 

3,160 

3,071 

3,134 

3,262 

3,234 

3.246 

3,399 

3,323 



719 
841 
937 
1,076 
1,074 
1,095 
1,03? 
947 
923 
803 
744 
666 
603 
582 
525 
499 
457 



421 
479 
516 
602 
663 
618 
617 
526 
633 
536 
514 
573 
573 
627 
726 
660 
685 



1,488 

1,647 

1,845 

2,225 

2,578 

2,738 

2,803 

2,652 

2,781 

2,705 

2,570 

2 448 

2,290 

2,292 

2,191 

2,043 

2,020 



0.73 

0.43 

0.54 

0.66 

0.64 

0.46 

0.30 

0.50 

0.46 

0.33 

0.25 

0.35 

0.31 

0.28 

0,25 

0.21 

0.26 



75 


10 


3 


3 


9 


83 


6 


3 


3 




92 


3 


5 


6 


3 


96 


12 


6 


6 


i2 


105 


8 


6 


4 


13 


110 


15 


9 


5 


10 


88 


15 


7 


8 


7 


80 


5 


5 


6 


7 


96 


11 


5 


10 


12 


92 


6 


4 


16 


9 


75 


5 


4 


11 


7 


80 


2 


2 


4 


10 


110 


10 


6 


11 


9 


101 


8 


9 


6 


8 


120 


6 


8 


8 


8 


106 


6 


15 


12 


6 


89 


3 


12 


11 


8 



1,240 
1,406 
1,671 
1,816 
2,042 
2,169 
2,335 
2,391 
2,607 
2,768 
2.821 
2,858 
2,895 
2,796 
2,837 
2,965 
3,090 



' Includes U S ciliz^ens ^nd lor^fqncii/^ns with permanent resfdonl $t<i!ijs 
Incudes medical s<^ence3 
Inckxies compuler science 
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Appendix table 5-22. U.S. academic exchange visas issued: 1978-86 

Country 



Total 

United Kingdom . . . 

France 

West Germany . . . . 

U.S.S.R 

Poland 

Other East Europe 

Japan 

Taiwan , 

Iran 

Other countries 



1978 


1979 


1980 


lyoi 




1 yoo 




1985 


1986 


67,579 


72.131 


77,557 


84.106 


85,714 


91.164 


97,646 


89,448 


102,854 


7,219 


8,774 


9,394 


8.416 


8,362 


8,411 


8,836 


9,673 


12,109 


3,274 


3,194 


3.854 


4,073 


3,962 


4,395 


4,975 


4,695 


5,702 


3,572 


3,996 


4,420 


4,649 


5,208 


5,823 


7,415 


7,013 


7,914 


176 


275 


234 


180 


183 


160 


98 


104 


328 


905 


1,008 


1,184 


1,374 


1,122 


863 


990 


718 


737 


1,032 


974 


1.254 


1,239 


1,211 


1,400 


1,659 


1,233 


1,542 


5,080 


6,110 


6,190 


6,983 


6,568 


7,403 


7,571 


5,302 


4,944 


617 


564 


819 


1,061 


1,119 


1,309 


1,306 


915 


1,003 


876 


266 


32 


49 


87 


99 


176 


158 


111 


44,828 


46,970 


50,176 


56,082 


57,892 


61,301 


64,620 


59,637 


68,464 



SOURCE: Immigrant and Visa Control and Reporting Division, U.S. Department of State, unpublished data 
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Appendix table 5-23. Internationally co-auth ored articles, by field: 1973-84 

Pigy. 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 

Internationally co-authored articles as a percent of all institutionally co-authored articles' 

A„,,pMo 12 7 13.3 14.0 14.8 15.1 15.4 16.1 16.3 17.3 17.2 17.8 18.5 

Salmedic^^^^^ 6.6 6.9 6.8 7.8 7.5 7.7 8.1 8.1 8.8 9.1 9.7 9.9 

Biomedicine 13.7 14.2 15.2 15 7 16.3 16.4 16.9 17.1 17.9 8.2 8.8 19.3 

Bioloqy 15.5 13.6 15,4 17.C 16.9 17.9 18.6 18.3 19.9 17.7 19,4 21.3 

Chetflistrv " 16.3 17.2 17.7 18.1 20.7 20.0 21.5 21.8 22.6 22.6 23.3 24.1 

Physics 22.8 23.7 25.4 25.9 27.5 29.4 30.0 30.2 32.6 33.0 32.6 33.8 

Earth and space ^ „. ^ „ . . 

sciences 23.1 22.5 24.6 27.7 27.5 28.7 28.7 30.7 30.2 30.5 32.1 34.1 

'tZior' 13.2 14.0 15.5 14.0 16.2 17.2 18.2 18.2 19.7 19.9 20.7 20.9 

MathetDatics 34.3 39.5 39.8 38.6 37.9 38.8 40.0 42.5 42.0 43.9 44.7 47.8 

Internationally co-authoreo articles 

A,,,, elds 8,420 9,113 9,737 10.559 11,338 12,317 13,225 14,057 16,558 21,745 23,275 24.799 

Clitiical medicine': 1,881 2,013 1,989 2,314 2,440 2,709 2,837 3,032 3,634 5,084 5,554 5,751 

Biomedicine 1,454 1,581 1.775 1,862 2,032 2.156 2,395 2,533 2,828 3,765 3.965 4.181 

Biotoav 723 655 779 853 915 1,007 1,116 1,051 1,371 1,804 2,034 2,308 

Cheinistrv 1.088 1,241 1,286 1,384 1,546 1,600 1,763 1,932 2,253 2,802 2,857 3,073 

Physics 1,570 1,757 1,933 2,142 2,320 2,548 2,758 2,960 3,470 4,217 4,334 4,646 

Earth and space ^ ^ . „ 

sciences.. 647 658 698 830 849 956 1,021 1,108 1,251 1,709 1,827 2,065 

^"technolMV^"^ 584 650 720 626 721 806 803 842 1.096 1,416 1,686 1,680 

Mathematics 473 558 557 548 515 535 532 600 656 948 1,019 1,096 

All institutionally co-au thored articles 

A,, fields 66105 68,529 69,579 71,220 75,283 79,955 81,894 86,115 95,858 126,509 130,796 133,712 

Cnnical medicme 28 617 28,974 29,078 29,564 32,643 35,160 35,097 37,250 41,239 55,652 57,513 58.297 

Biomedicine 10,648 11,117 11,683 11,845 1 2,436 1 3,116 14,144 14,807 1 5,839 20,642 21,114 21,713 

Bioloav " 4 660 4,829 5,073 5,024 5,405 5,620 5,985 5,744 6,875 10,188 10,483 10,818 

Chemistrv 6 694 7,224 7,264 7.632 7,485 7,996 8,185 8.856 9,986 12,393 12.266 12.759 

Physics 6.897 7.410 7,601 8,271 8.433 8,661 9,179 9.792 10,651 12,772 13.289 13,747 

^^sci'ence^^^^^ 2,798 2,920 2,832 2,994 3,085 3,335 3.553 3.615 4,146 5,595 5,699 6.061 

Enqineermg and ^ ^ ^r-^ o nn^ 

tGchnoloQV 4.412 4.642 4.647 4.470 4.437 4.689 4.421 4.638 5.562 7,108 8.151 8,021 

Mathematics ^ .379 1 .41 3 1 .401 1 ,420 1 ,359 1 ,378 1 ,330 1 ,41 3 1 ,561 2,1 60 2,282 2.295 

» See appendix table 6-27 for the subfields included in these fields. 

? 1973-80 data are based on the articles, notes, and reviews in over 2.100 of the influential journals carried on the 1 973 Science Citation Index Corporate Tapes of the 
Institute for Scientific Information. The 1981-84 data use over 3,500 journals on the 1981 Science Citation Index Corporate Tapes 

SOURCE: Computer Hor.zons. Inc., Science Indicators Literature Data Base, Series 6 (special tabulations prepared for the f^ational Science Foundation. November 
1986) 

^ , ^ ^ Science & Engineerina Indicators— 1 987 

See figure 5-12. 
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Appendix table 5-24. International co-authorship, by U.S. sector: 1973, 

1980-84 



1973 1980 1981 1982 1983 



Percent of articies involving cross-nati onal collaboration 

University and colleges 12.6 15.1 15.7 16.1 17.1 i8.2 

Nonprofit institutions 5.6 8.0 8.5 9.1 9^9 10 8 

P™Cs 11.9 20.4 20.4 23*3 23.1 24 7 

Federal government 6.0 8.9 9.8 1 0.4 1 1 .5 1 2 3 

Private industry for profit 1 2.0 15.2 14.8 1 6.0 1 5.7 1 6 3 



Number of articles involving cross - national collaboration 

University and colleges 3.898 5.581 7.980 8.484 9.098 9.857 

Nonprofit institutions 326 564 829 915 l[o24 1121 

P™Cs 235 464 615 714 757 829 

Federal government 530 885 1.331 1.455 1.601 1 733 

Private industry for profit 351 550 743 890 944 999 

Total articles 

University and colleges 30.998 36.923 50.941 52.825 53.184 54.271 

Nonprofit institutions 5.803 7.080 9.736 10.017 lo!371 10*380 

1.970 2.274 3.010 3.062 3.284 3 350 

Federal government 8.898 9.984 13.593 13.952 13.953 14J34 

Private industry for profit 2.930 3.621 5.009 5.577 6.009 6 129 



Note- 1973 and 1980 data are based on the articles, notes and reviews m over 2.100 of the influeniral journals 
carried on the 1 973 Science Citation Index Corporate Tapes of the Institute for Scientific Information 1981-84 
data are based on over 3.500 journals on the 1981 Science Citation index Corporate Tapes. 

SOURCE' Computer Horizons, inc . Science Indicators Literature Data Base. Series 12 (tabulations prepared 
for the National Science Foundation. January 1987) 
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Appendix table 5-25. Internationally co-authored articles and all institutionally co-authored articles, by country 

1973-84 

1973 1974 1975 1976 1977 1978 1979 1980 "l9 81 1982 1983 1987 

'nternationally co-authored articles as a percent of all institutionally c o-authored articles 

West Germany ^3 ^2 ^6 ^3 '^6 ^8 ^2 TTa ^9 ^9 ^ 

United Kingdom 35.3 37.0 37.7 39.6 40.7 40.2 40.4 41.8 41.8 41 6 41 3 42 9 

^^"^^^ 37.0 45.6 37.3 38.5 38.4 39.4 39.9 40.0 42.7 42 7 40 2 42 0 

26.7 26.9 29.8 31.4 32.5 33.5 33.9 34.0 34.9 37.3 38:6 39:6 

f ^^-^ ^^.3 14.2 17.3 16.3 20.1 19.9 18.3 18.5 18.5 isi 

14.0 14.3 15.0 15.9 15.9 15.7 16.6 16.9 17.6 18 2 19 2 20 3 

^^P^" ' 16.4 16.4 16.1 15.2 15.9 15.5 16.3 16.4 17.3 18.2 18.3 19:3 

Internationally c o-authored articles 

mTh^^-T^ 1'283 1.527 1.568 1.741 1.923 2.176 2.244 2.459 3557 3.767 4.058 4 292 

United Kingdom 2.029 2.219 2.364 2.574 2.633 2.784 2.889 3.159 4492 4.626 4 857 5 150 

^^"^^^ 1'302 1.369 1.422 1.532 1.599 1.715 1.812 1.819 2718 2.861 2 862 3 183 

^^lll 1'209 1,460 1.591 1.769 1.837 2.003 2.153 3062 3.342 3.546 31761 

• 288 318 380 432 523 528 604 637 836 900 929 869 

^7 5.037 5.254 5,675 5.972 6,248 6.755 7,192 10268 11,013 11 830 12 743 

^^P^" 472 495 543 555 635 678 767 872 1334 1.516 1.645 1.878 

All institutionally co-auth ored articles 

mTh^^'T^ 3.605 4.093 4.108 4,287 4.654 5.228 5,128 5.324 7842 8,037 8 469 8 628 

United Kingdom 5.749 6.002 6.268 6.501 6.473 6.925 7.159 7.553 10747 1i;i31 11 762 12014 

^^"^^^ 3.521 3.004 3.809 3.976 4.166 4.358 4.543 4.542 6368 6.697 7 113 7 578 

f;^"f^ 4'233 4.492 4.901 5.065 5.445 5.491 5.902 6.341 8779 8.967 9.175 91499 

^•^•^^'l-;-- 3.011 2.926 2.860 3.033 3.031 3.233 3.005 3.199 4578 4.876 5.015 4 796 

United States . , . 34.364 35.338 35.100 35.799 37.618 39.768 40.784 42,508 58472 60.649 61 688 62 861 

-^^P^" 2.881 3.018 3.363 3.657 3.984 4.38 6 4.696 5.308 7699 8.336 8.988 9.722 

Note' 1973-80 data are based on the articles, notes and reviews in over 2^ 

Institute for Scientific Information 1981-84 dala are based on over 3.500 journals on the 1981 Science Citation Index Corporate Tapes 

SOURCE' Computer Horizons. Inc . Science Indicators Literature Data Base, Senes 6 (tabulations prepared for the National Science Foundation. January 1987) 

See frgure 5-13, o <> r- 

Science & Engineering Indicators— 1 987 



286 



Appendix table 5-26. U.S. and world scientific and technical articles, by field: 1973-84 

piey. 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 

U.S. articles as a percent of all articles 

All fields 38 38 37 37 37 38 37 37 35 35 35 35 

Clinical medicine. 43 43 43 43 43 43 43 43 41 41 40 41 

Biomedtcine 39 38 39 39 39 39 40 40 39 40 39 39 

Bioloqv 46 46 45 44 42 42 43 42 37 38 38 37 

Cher^istry 23 22 22 22 22 21 21 21 20 21 20 21 

pSs 33 33 32 31 30 31 30 30 28 27 28 27 

Earth and space ^ 
sciences 47 47 44 46 45 45 45 42 42 42 42 41 

Engineering and 

technology.... 42 42 41 41 40 39 41 39 38 38 41 40 

Mathematics 48 46 44 43 41 40 40 40 36 37 38 3 7 

Number of U.S. articles^ 

All fields 103 777 100 066 97,278 99,970 97,854 99,207 99,377 98,394 134,940 135,953 132.415 131,111 

Clinical "medicine ". 32',638 31,691 31,334 32,920 33,516 34,966 33,975 34,612 49,082 49,458 48,055 48.735 

Biomedicine 16 115 15,607 15,901 16,271 16.197 16,611 17,649 17,582 22.029 22,892 22,496 22,196 

BiolOQV 1l'l50 10,700 10,400 10.573 9,904 9,663 10,553 9,594 15,070 15,199 14,216 14.166 

Cher^istrv 10^474 9,867 9,222 9,337 8,852 9,266 9,182 9.250 10,946 11,820 11,010 11,137 

Physics ...7.".".!! 11.721 11,945 11,363 11.502 10.995 11,015 10,995 11.415 13.111 13,315 13,021 12,691 

^^sJiLnc^^^^^ 5,591 5,371 4,975 5,537 5,197 5,043 5,167 4,832 7,421 7,220 6,862 6,748 

^"tSSv^""^ 11 955 11.088 10,431 10,346 10,081 9,694 9.018 8,461 13.282 12,284 13.105 11,976 
Mathematics/.!" 4,134 3,797 3,652 3,484 3.112 2,949 2,838 2,648 4,000 3,765 3.648 3,462 

Number of all articles 

All fields 271 513 265 130 260,908 267,354 263,700 270.128 267,953 269,556 382,327 383,697 373,550 369,930 

Cltmcal medicine ". 76;209 74,509 73,485 76,699 77,597 81.209 78.827 80,533 119,477 120,926 119.325 119,094 

Biomedicine 41 155 40,632 41,244 41,891 41,388 42,968 43,631 44,267 55,787 57,585 57,289 56,223 

Bioloqv 24 047 23,414 23,260 23,905 23,757 23.176 24,734 22,838 40,328 39,875 37,788 38.093 

Chemistry 45 004 44,529 42,502 42,773 40,734 43,550 43,273 44,448 55,789 56,630 54,186 54.117 

Pnysics 35'.854 35,708 35,104 36,902 36.057 35,515 36,700 37,944 46.913 48.677 46,902 46,450 

^^scilncesT!^^ . 11,977 11,479 11,356 12,011 11,531 11,224 11,596 11,395 17,656 17,241 16,508 16,334 

^ThTS^""^ 28 617 26,600 25.664 25,146 25,003 24.588 22,182 21,459 35,248 32.598 32.073 30.310 
Mathemat ics.'.!'.'. 8,639 8,259 8,293 8,127 7,573 7,298 7,011 6,673 11,128 10,165 9,478 9,309 

NoieM973.80dataare based on the articles. notesandreviewsmover2.l00of the inlluentialjoum^^^ 

Institute for Scientific Information. 1981-84 data are based on over 3.500 journals on the 1981 Science Citation Index Corporate Tapes 
Note: Detail may not add to totals because of rounding. 

» See appendix table 5-27 for the subfields included in these fields . , ^ « 

^ When an article is written by researchers trom more than one country, that article is prorated across the countries involved. For example, if a given article has several 
authors trom France and the Un.'ed Stales it is split on the basis of these countries regardless of the number of organizations represented by the authors 
SOURCE: Computer Horizons. Inc . Science Indicators Literature Data Base, Series 1 (tabulations prepared for the National Science Foundation. January 1987) 

^ Science & Engineering lndicators~l 987 
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Appendix table 5-27. Publications in the fields and subfields of international scientific literature: 1984 



Field and subfield 





United 


World 


States 


119,094 


48,735 


17.553 


5,802 


702 


291 


1,325 


450 


5,920 


2.727 


4,994 


2.357 


2.435 


1,140 


2.853 


1,052 


4.495 


1,688 


1,179 


535 


1,910 


605 


767 


491 


2,228 


790 


7,918 


3.582 


2.319 


1,010 


10.472 


4,522 


2.363 


1,116 


1,149 


504 


904 


275 


1,392 


654 


2,928 


989 


2,824 


1.227 


10,901 


3,674 


4.051 


1,110 


2.289 


1,384 


5.109 


2,683 


1,556 


657 


5,025 


2.667 


646 


154 


1.643 


811 


522 


197 


5,477 


1,790 


443 


270 


2,408 


1,295 


394 


236 


56,223 


22.196 


3,910 


1.638 


822 


251 


1.003 


419 


4.573 


1,625 


1,665 


832 


19.043 


7,535 


975 


327 


5,115 


1,992 


4,640 


1,660 


1,863 


788 


1,236 


500 


1,532 


630 


388 


133 


1,521 


715 


7,938 


3.150 



Field and subfield 



World 



United 
States 



Clinical medicine 

General & internal medicine 

Allergy 

Anesthesiology 

Cancer 

Cardiovascular system 

Dentistry 

Dermatology & venereal diseases 

Endocrinology 

Fertility 

Gastroenterology 

Geriatrics 

Hematology 

Immunology 

Obstetrics & gynecology 

Neurology & neurosurgery 

Ophthalmology 

Orthopedics 

Arthritis & rheumatism 

Otorhinolaryngology 

Pathology 

Pediatrics 

Pharmacology 

Pharmacy 

Psychiatry 

Radiology & nuclear medicine 

Respiratory system 

Surgery 

Tropical medicine 

Urology 

Nephrology 

Veterinary medicine 

Addictive diseases 

Hygiene & public health 

Miscellaneous clinical medicine . . . 



Biomedicine 

Physiology 

Anatomy & morphology 

Embryology 

Genetics & heredity 

Nutrition & dietetics 

Biochemistry & molecular biology , 

Biophysics 

Cell biology, cytology & histology . 

Microbiology 

Virology 

Parasitology 

Biomedical engineering 

Microscopy 

Miscellaneous biomedicine 

General biomedicine 



Biology 

General biology 

General zoology 

Entomology 

Miscellaneous zoology 



38,093 
1.593 
2,121 
3,018 
3,027 



3,990 
14,166 
463 
402 

1.610 



Marine biology & hydrobiology 

Botany 

Ecology 

Agriculture & food science 

Dairy animal science 

Miscellaneous biology 



Chemistry 

Analytical chemistry 

Organic chemistry 

Inorganic & nuclear chemistry 

Applied chemistry 

General chemistry 

Polymers 

Physical chemistry 



3.418 
9,491 
2,771 
8,526 
3,315 
2.435 

54.117 
5,884 
8,155 
4,243 
2,367 

16,436 
4,118 

12,913 



Physics 

Chemical physics 

Solid state physics 

Fluids & plasmas 

Applied physics 

Acoustics 

Optics 

General physics 

Nuclear & particle physics 
Miscellaneous physics . . . 



Earth & spaco science 

Astronomy & astrophysics 

Meteorology & atmospheric science , 

Geology 

Earth & planetary science 

Geography 

Oceanography & limnology 



Engineering and technology 

Chemical engineering 

Mechanical engineering 

Civil engineering 

Electrical engineering & electronics 
Miscellaneous engineering & technology 

Industrial engineering 

Genera! engineering 

Metals & metallurgy 

Materials science 

Nuclear technology 

Aerospace technology 

Computers 

Library & information science 

Operations research & management 
science 



Mathematics 

Probability and statistics . . . 

Applied mathematics 

General mathemalics 

Miscellaneous mathematics 



1,107 
3,347 
1,219 
3,194 
1,361 
1,140 

11.137 
1,528 
2,004 
745 
386 
2.695 
893 
2,885 



All fields 



46,450 


12,691 


5,328 


1,923 


8,298 


1,951 


1.031 


538 


10,302 


2,761 


1,130 


482 


1,940 


778 


13,448 


2,636 


3,814 


1,299 


1,159 


324 


16,334 


6,748 


3,760 


1,605 


1.545 


920 


2,907 


1,135 


6,432 


2,402 


2,408 


1,295 


1,635 


674 


30,310 


11.976 


3,003 


1,312 


3,036 


1,224 


1,926 


1,147 


7,419 


2,970 


632 


200 


19,043 


7,535 


1.046 


195 


3,855 


817 


3,720 


1,412 


2,004 


829 


1,236 


500 


1,860 


914 


388 


133 


7,938 


3,150 


9.309 


3.462 


1,593 


14,166 


2,121 


463 


4,706 


1,385 


3,027 


1,610 


369.930 


131,111 



Noto: Based on the articles, notes and reviews ,n over 3.500 of the influential ,ournals carried on the I98I Science Qtalion Index Corporate Tapes 
SOURCE- computer Honzons, Inc , Saonce Indm Uterature Data Base. Senos 1 (tabulations prepared lor the National Science Foundation. January 1987) 
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Appendix table 5-28. Total references in U.S. articles and references in U.S. articles to articles from other countries,' 

by field: 1974-84 

Publication year of citing articles 

pjeid? 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 

Percentage of references in U.S. articles to arti cles from otiier countries 

All fields 23 0 24.7 26.6 26.9 38.0 27.8 28.4 28.7 28.9 28.9 29.3 

Clinical medidne'::: 20.6 23.1 24.1 24.5 25.3 25.4 25.6 25.9 26.0 26.3 26.3 

Biomedical research 22.9 25.7 27.2 27.7 29.6 28.5 29.0 29.3 29.4 29.6 29.7 

Biology 19.8 22.1 23.0 24.3 24.7 26.4 27.3 27.6 27 1 27.2 27.9 

Chemistrv .. 32.1 32.0 37.5 36.4 37.6 36.8 37.9 36.8 38.'^ 38.3 38.0 

Physics..'"''."'.... 24.7 25.9 27.2 28.3 29.5 30.6 31.3 32.5 33.4 33.3 34.9 

Earth and space „ „ „„ „c d 

sciences 17.7 20.5 21.3 22.0 23.1 22.9 24.3 24.4 24.8 23.3 25.8 

Enqineerinq and ^ , 0-7 o 

technology 20.3 20.9 23.3 23.2 24.0 24.8 25.0 26.0 26.0 26. 27.2 

Mathematics 16.2 18.4 21.3 24.4 25.6 25.9 27.8 28.4 28.0 29.1 28.5 

References in U.S. articles to articles from other countries 

All fields 38 450 79 569 120,676 154,821 182,805 219,434 243,580 283,006 310,817 336207 321681 

Clinical'me'dici'ne ".'.'. 9:801 23,552 36,771 49,403 61,336 69,332 77,558 90,439 97,747 105711 102682 

Biomedical research 10,360 22,010 33,549 42,677 45,010 63,614 71,024 81,833 89,130 95977 91719 

Bioloqv 1 591 3 826 5,448 7,789 9,374 11,886 13,793 16,935 18,453 20283 19561 

Chemistrv 6487 10,558 18,828 21,469 26,055 27,064 31,314 34,126 38,677 38513 36583 

Physics..'.'.'.'.'.!"'.: 6,665 11,863 16,286 21,127 24,824 27,461 29,831 36,039 40,197 44158 41987 

Earth and space <occc 

sciences r 1,961 4,920 5,479 7,154 9,528 12,336 11,746 13,606 15,637 19800 18566 

^"technotoav^"^ 1,341 2,287 3,351 3.858 4,879 5,892 6,256 7,702 8,583 8994 8220 

Mathematics 244 554 968 1,344 1,799 1,847 2,057 2,325 2,395 2771 2362 

Total references in U.S. articles 

All fields 167 397 321 661 454,107 576,508 654,107 788,728 857,782 987,027 1,074,351 1162450 1096233 

Clinical medicine" 47^693 102,033 152,429 201,772 242,170 273,094 303,335 349,179 375,595 401784 390221 

Biomedical research 45,282 85,622 123,445 154,313 151,938 222,833 245,325 279,411 303,674 323917 308776 

Bioloqv 8 017 17 286 23,639 32,059 37,999 44,971 50.456 61,263 68,027 74523 70135 

Cherristrv 20221 32,962 50,195 58,986 69,237 73,543 82,646 92,729 101,871 100596 96242 

Physics 26,981 45,808 59,807 74,754 84,250 89,637 95,264 110,806 120,421 132547 120398 

Earth and space o.-«ro -7^000 

sciences 11,086 23,989 25,675 32,474 41,171 53,760 48,360 55,851 63,177 85056 71933 

^"lech3v^"^ 6 609 10,948 14,376 16,632 20,315 ?3,750 24,999 29,601 33,037 34517 30234 

Mathematic s 1.508 3.012 4,542 5,517 7,027 7,139 7,398 8,189 8,550 9510 8295 

•Thenumberofreferencesfoundmart.cleswrittenbyscieritistsandengineersatU.S.iristitutions.ari^ ^"^?°l^frf 
were to articles written by 3/E s at foreign institutions. References were sought in the article s published in over 2.1 00 influential journals carried on the Corporate Tapes of 
the 1973 Science Citation Index of the institute of Scientific Information. 
^ See appendix table 5-27 for subfields included in the fields. 

SOURCE- Computer Horizons Inc.. Science Indicators Literature Data Base, Series 2 (Tabulations prepared for the National Science Foundation, January 1987) 
Seo figure 0-21 -r. Overview. ' Science & Engineering lndicators-1987 
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Appendix table 5-29. Relative citation ratios' for U .S. articles by field: 1973-82 

Publication year of cited articles 

— 1974 1975 1976 1977 19 78 Ti^ ^ 

World cilalions to U.S.: ' 

''cticalmed.cme\\\ J.aS III ]tl It If, lH '-^^ '-^^ 

Biomedicine 42 43 4i 'At If. ''^^ ''^^ ^-^^ 1-33 1.32 

Biology Os 111 11] f '"'f ''^^ ''^ '-'^ 1-36 1-34 

Chem-stry .... S 64 '68 'lo '''^ '-'^ '-'^ 

Physics 54 53 '{H « ]fr '-^^ '-'^ 1-67 1.63 

Earth and space sciences..::. 1.37 i.3S 44 36 39 If. 

Engineering and technology ... 1.28 1.28 ^27 1 23 3 31 00 It '/^ '''^ 

1-24 1.23 1.22 1.20 IS ui If, If 

Non-U.S. cilalions lo U.S.: 

''ct'i?armedicine\\'::::::::::^^ !.S !o2 lil !m i-S 'il "-^^ ^-'^ 0-33 

Biomedicine 10 08 '^7 ""^^ ""^^ 0-83 

Biology oJl o°J J""! ^""^ ^""^ 1-00 0.99 i.OO 0.92 0.87 

Chemistry ' 12 n6 ?'i8 """'^ ""^^ 0-53 

Physics 2 'is ■? "7 '-"^ 0-93 0.92 

Earth and space sciences::::: 1.06 06 :o 03 -^4' If, l!! 1-°° "-^^ 

Engineeringand technology ... 0.92 0.86 0.84 0 80 oZ 0 83 n7Q '.il 

Mathematics 0 91 0 90 nsR n«i ^oc ""'^^ °-^3 0.67 0.55 

"-^^ 0-31 0.85 0.88 0.80 0.77 0.70 0 68 

U.S. citations lo U.S.: 

'cSmV^^^^^^^^^ I:?^ j-g -f^ 2.01 1.99 2,02 

Biomedicine 1 78 82 80 Ifo HI ^'^^ ^"^^ ^"^^ 1-3° 1-34 

Biology 55 62 63 f '"'^ ^-'^ ^'^^ '-^^ '-31 

ChemTstry 262 275 280 Hi If '''^ '''^ '''^ ^-^O 1-79 

Physics' ::::::::: :S 2 J 220 S 

Earth and space sciences i.63 1.64 T74 feJ fes fit ^.H ^"^^ ^.33 

Engineering and technology ... 1.77 1 79 1 83 77 ftd on ^"^^ ^"^^ 

°- - ■:°o ;.s ;s ;:s 

■ The Share of citations made lo 1 : S. publications m a field during a particul?- year, divided bv ihP 1 1 <; »h„o „ hi . 

reflects no over- or under-cting of the U.S. scientific and technical literaturrwrerLs7h'ler rato inrt.fl! "^3> V^^r and Held, A ctalion ratio of 1 .00 
expected from the number 0IU.S articles lor that year For example , he US cheS^ 

worlds chemistry articles. h . 1 u o cnemisiry iiierature lor . 973 received 64 percent more citations than expected from the 
source: Computer Horizons. Inc , Soe.ce M,ca,ors UersWre Os,o Base. Series 5 (tabulations prepared for the National Science Foundation. January ,987) 
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Appendix table 5-30. International collaboration in Deep Sea Drilling Project 

research areas 



Collaboration 
Rate* 

All earth and space sciences. 1982^ 30 

1983 selected researcti areas :^ 
Deep sea drilling project results: Hydrothermal Mounds of the Galapagos 

Rtft and Other Spreading Centers 41 

Basin Evolution and Tectonic History of the Mesozoic Atlantic and Tethys 

from Deep-Sea Drilling Poject data 64 

Eocene. Oligocene. and Miocene Stratigraphy and Paleoceanography 
Evidenced by Foraminiferal Faunas Recovered by the Deep-Sea Drilling 
Project 

Seismic Studies of Crustal Structure and Deep-Sea Drilling Project Data 
from the Atlantic Ocean and Costa Rica Rift 40 

Cenozoic Stratigraphy of the Atlantic. Pacific, and Indian Oceans Based 
on the Calcareous Nannofossils Recovered by the Deep-Sea Drilling 
Project ^ 

1985 selected research areas :^ 
Deep-Sea Drilling Evidence of Evolution. Paleoenvironmental and 

Catastrophic Extinction 29 

Oxygen and Carbon Isotopes in Sediments from Deep-Sea Drilling 

Sediments 

Late Cenozoic Magnetostratigraphy and Biostratigraphy from Deep-Sea 

Drilling Sediments 

Quaternary Biostratigraphy and Climate History from Deep-Sea Drilling 

Sediments " 

Cenozoic Climates. Stratigraphy and Paleoceanography from Deep-Sea 

Drilling Project Sites in the Atlantic an d Pacific Oceans ^3 

» The percentage of multi-author U.S. articles which have at least one author with a non- U.S address 

Based on over 3500 influential journals earned on the 1981 Science Citation Index Corporate Tapes ol the 
Institute for Scientific Information. 

^ Identified through cocilation clustering. Analysis provided by the Institute for Scientific Information 
SCXIRCE: Institute for Scientific Information, special tabulations prepared for the National Science Foundation. 
Computer Horizons. Inc.. Science Indicators Uterature Data Base. Series 6 (tabulations prepared for the 
National Science Foundation. January 1987) 
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Appendix table 5-31. Doctoral scientists and engineers leaving research for 
new activities: 1973/75 to 1983/85 



Moved from research to: 

Developmenl R&D man agemeni Teaching 

Percent ■ 

Scienlisis: 

1973-75 2.2 6.8 122 

■975-77 2.4 7.8 97 

1977-79 2.4 12.5 U O 

1979-81 1.6 ,.3 i; 

1981-83 3.1 5 8 87 

1983-85 2.9 5.5 7.6 

Engineers: 

1973-75 13.5 ,34 

1975-77 13.7 ,33 J'J 

1977-79 9.4 

1979-81 11.7 

1981-83 11.4 14 9 96 

^983-85 11.2 8.0 sis 

Note: Data includes those wlio listed basic or applied research o« «heir primary work activity (or the earlier years 
SOURCE: National Academy of Sciences. Doctorate Record File, special tabulation (or the National Science 
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Appendix table 6-1. Industry performance and funding of research and 
development, for selected countries: 1970-87 

West United United 

Year France Germany Japan Kingdon; States 

R&D performed by industry 



1970 


8.322 


— MilIiO 

8.900 


ns national currcncv 

bdO.^OD 


hits 


10 nA7 


1971 


9.336 


10.521 




NA 


1 0 lOrt 


1972 .... 


10.570 


1 1 , 1 70 


1 f\AA AOft 


Q*l 1 

boi 


1 o ceo 


1973 


11 .524 


1 1,761 


1 OAl 007 




01 OaQ 


1974 


13.531 


4 O "TOO 


l.DbU.Uoo 


MA 


^O 007 


1975 . 


15.617 


14,469 






OA 107 




1 7.992 


1 C OAA 

15.300 


1 000 OOl 




QQ7 


1977 « 


19,999 


1 ft 71 7 

Id,/ 1 / 






oq Qpi; 


IVVO . . « . . X K » » « . K » 




18.710 


2,29 1 .002 


2.324 


33.304 


1979 


26.260 


23.120 


2.664,913 


NA 


38.226 


1980 




NA 


3,142.256 


MA 


44.505 


1981 


36,805 


26.196 


3,629.793 


3.793 


51.810 


1982 , 


43.351 


NA 


4,039,0-.8 


NA 


57,995 


1983 «. 


48.098 


30,060 


4.560,127 


4,163 


63.405 




54,000 


NA 


5.136.C34 


NA 


71,471 




NA 


NA 


NA 


NA 


78.181 


1986 (Est.) 


NA 


NA 


NA 


NA 


85,660 




NA 


NA 


NA 


NA 


90.700 






R&D funded by industry 
















1970 


5.465 


7.419 


792,970 


«*oJ 


1 n AAA 


1971 « 


6,094 


8,594 


896.451 


MA 


1 A 000 


1972 


6.801 


8.915 


1.056,949 




1 1 710 


1973 ............. 


7.578 


9,357 


1.319,172 


MA 


11 001 


1974 


8.770 


10.095 


1,626.151 


MA 


\A 070 


1975 ...... 


10.235 


11,514 


1,715.734 


001 


1*; oon 


1976 ..... ...... 


12,347 


12,220 


1.924.345 


MA 




1977 


13.633 


13.596 


2.138.892 


MA 


iq ftoq 




NA 


14,980 


2,330.556 


1,552 


22.450 


1979 . « , 


19.019 


18.540 


2.697,945 


1.484 


26.081 


1980 


22.269 


NA 


3.194.604 


NA 


10 Ql 1 


1981 


25.562 


21.860 


3.726,055 


2.529 


35.944 


1982 ...... 


31.157 


NA 


4.160,607 


NA 


40.096 


1983 ............. 


35.525 


25.144 


4.678.482 


2.869 


43,514 


1984 ......... 


39.200 


NA 


5.278.564 


NA 


48.821 


1985 


43.850 


29.841 


6.125.416 


3.757 


52.569 


1986 (Est.) 


NA 


NA 


NA 


NA 


65.699 


1987 (Est.) 


NA 


NA 


NA 


NA 


58,770 






Gross domestic expenditures on R&D 




1970 , . . , , «... 


14.956 


13.903 1.355.505 


NA 


Ofi lid 


1971 


16.621 


16.527 


1,532.372 


NA 






18.277 


18.212 


1,791.879 


1,350 


00 ^77 


1973 


19.789 


19.232 


2,215.837 


NA 


in 71ft 




23.031 


20.990 


2,716,032 


NA 




1975 


26.203 


22.968 


2,974.573 


2.300 


Ifc. Oil 




29.774 


24.150 


3.320.288 


NA 


10 Alft 


1977 


33.185 


25733 


3.651.319 


NA 


AO 7ft1 

'4c too 


1978 , , 


37.671 


28.900 


4.045.864 


3.680 


48.129 


1979 


44.123 


33.457 


4.583.630 


NA 


54.933 


1980 


51.014 


35.903 


5.246.247 


NA 


62.593 


1981 .... ....... 


62.471 


37.703 


5.892.356 


6.134 


71,840 


1982 


71.836 


41.300 


6.528,701 


NA 


79.328 


1983 . 


84.671 


42.512 


7.ie0.781 


6.820 


87.204 


1984 ... 


96.198 


44.200 


7.893.931 


NA 


97.639 




105.917 


49.000 


8.890.299 


8.150 


107.642 


1986 (Est.) 


117.000 


53.400 


NA 


NA 


1 16.793 


1987 (Est.) ...... 


NA 


NA 


NA 


NA 


124.250 



SOURCES United Siaies Nationn! Science Foundatton. NciUona) Pamni> ot Scttinca jnd Tt^chnoiogy Ri* 
sources 1987 (forllKomirvg). other countries OECO Science. Technolcxjy nnd Indutslry Ind-calort. Oiv.^Kjn 
unpublished data 
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Appendix table 6-2. Expenditures for industrial R&p, by s ource of funds: 1960-87 

Current dollars ConslanI 1982 dollars' 

Tbial Compar^y Govemmcn.. total Company" Govofnmtr 

' — Millions of dollars 

Ig^ ^I'iZ ^'ill S6.08, S33.955 SH.307 .,9.648 

nil ''•668 6.240 34.917 14.942 19974 

,964 . . 35?2 iltt ^^-^^^ 16.543 22.438 

'"'^ 6.792 7.720 41.032 ,7.589 23.444 

IS \tfj lit ''-''^ '^-O^S 22.9,3 

967 Irful lil^r. ^-^^2 ^^■^''^ 20.64 , 23.833 

68:::::,:;::.-:- -g li^ S 45.590 22.3,5 23.275 

,969 .. 8 308 QflS 0.^?° ^^-'^^ 23.506 22.688 
'°-^°6 9-667 8.45 , 46.023 24.779 2 , 244 

;97? Ifl-So uiT. '6-608 

972" ".:■:: 955° li'' •^'•2eo 24006 ,7.274 

,973 l,ilt '-"^ ^-^'^ "2-056 24.8,2 ,7.245 

IS Hit) ll^'Jit 6.,45 42.893 26.45, ,6.44, 

22.8P./ ,4.667 8.220 42.4,5 27.,8, ,5:234 

I'X ::■■': 26997 It?' r.' 26.272 ,4.509 

,977 Itill lltr. ''2.805 27.645 ,5.,59 

,9^ gSS '0-^66 44.330 26.746 ,5.584 

,979 38 Se llVm oc°^ '^-''^ 30.622 , 5.493 

^^-^^^ 25.708 ,2.518 48.652 32.720 15.932 

isa? I'f' 30.476 ,4.029 51.919 35.553 ,6.366 

1982 ::::::::: ::■ 59° 39- ?2 ISl '^-"35 

67.995 39.512 18.483 r7.995 39.512 18 483 
^3.^°3 42.861 20.542 61.047 4 , 268 9 779 

is------ si E a- s s ± 

' GNP impl»c«t pttcQ deflators used to corjvon current dollars to cor^irant i982 dollars 
Includes aU sources ottter than the Federal Government 
* Data include fedewlly funded R&D centers admimsteroci by industry 
Note Detail may not add to totals because of rourxfjng 

SOURCES 1960-64^ National Science Foundal.on,WJ^o/^a/P.7ffemso/ Science anc^ ioamnSF fli 3iiinoi lorr . .o 

Foundat«>n.Waf/ona/Paffe//^so/Sc/encca;,drec/ino/o^K«^^^^^ »9S.^(NSF84.3in o28 iqL ft^^^^ '^^^'^ ^^'^"^"^ 
Stud.es. industry Studies Group, unpublished data '^«-*(Ni>h84 3n^p28 1985.87 Nafonal boenco FrtunAu-on Divis.o.i of Science Resources 

See figures 6«2 and 0«i8 m Overview 
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Appendix table 6-3. Expenditures for industrial R&D, b y Industry: 1960-1985 

Industry I960 1962 19 64 1966 1968 1970 1972 1974 1975 1976 1978 1979 1980 1981 1982 1983 1984 1985 

Millions of dollars 

Total . $10,509 S11.464 Sl3.5l2 $15,548 $17,429 $18,067 $19,552 $22,887 $24,187 $26,997 $33,304 $38,226 $44,505 $51,810 $57,996 $63,403 $71,471 $78,181 

All high'technology manufacturing .^«.^ A-ynnc nc^^ anaaa 

Industries, .. .,. 8.304 9.079 10.680 12.244 13.583 13.685 14.558 16.799 17.914 19.810 23.904 27.233 31.939 38.354 43.813 47.926 54.26? 59.666 

Chemicals and allied products _ ^„ ^ _ _ . ^_ . _ 

(S1C28) ............. 980 1.175 1.284 1.407 1.589 1,773 1.932 2.450 2.727 3.017 3.580 4.038 4.636 5.625 6.659 7.293 8.028 8.667 

^com^^^^^^^ 949 914 1.015 1.217 1.483 1.729 2.158 2.985 3,196 3.487 4.283 4.825 5.901 6.818 7.835 8.386 9.667 10.870 

Electrical equipment (SIC 36) . 2.532 2.639 2.972 3.626 4.083 4.220 4.680 5.011 5.105 5.636 6.507 7.824 9.175 10.329 11.642 13.950 15.694 17.080 

^'Zt)^''^,^^^^^ 3.514 4.042 5.078 5.526 5.765 f.219 4.950 5.278 5.713 6.339 7.536 8.041 9.198 11.968 13.658 13.853 16.033 17.619 

Professional and scientific ^ a aaa aqa^ a a^^ 

.nSlniments(SIC38) 329 309 331 468 663 744 838 1.075 1.173 1.331 1,998 2.505 3,029 3.614 4.019 4,444 4.840 5.430 

All Other manufacturing ^ <^ ^-.o ^^o«o ^acha ^ccca 

industries 2.037 2,l5l 2.513 2.807 3.243 3.677 4.287 5.320 5.538 6.342 8.17 1 9.453 1 0.751 11.550 12.178 13.288 14.624 15.664 

Food, kindred, and tobacco o„ . , ^ 

products (SIC 20, 21) 104 121 144 164 184 230 259 298 335 355 472 528 620 719 780 876 1.001 1.042 

Textiles and apparel (SIC 22, ^ ^ ... .^^ .^^ 

_ ' 38 28 32 51 58 58 61 69 70 82 89 101 115 124 130 144 139 150 

Lumber, wood products, and ^ ^ 

furniture (SIC 24. 25)... 10 1 0 12 1 2 20 52 64 84 88 1 07 1 26 139 1 48 161 162 169 181 .72 

Paper and allied products (SlC ^ 

261 56 65 77 117 144 178 189 237 249 313 387 445 495 570 626 747 802 859 

Petroeum'ref;ningislc'29) 296 310 393 371 437 5l5 468 622 693 767 1.060 1.262 1.552 1.70O 2,100 2.229 2.177 2.106 

RuXr products (S^^ 121 141 158 168 223 276 377 469 467 502 493 577 656 80O 850 818 884 1.147 

Slone, clay, and glass producis . 

,S|C32) 88 96 109 117 142 167 183 217 233 263 324 356 406 470 500 491 476 486 

Primary metals (SIC 33) 177 171 195 232 251 275 277 358 443 506 560 634 728 878 1,000 1.115 715 730 
Fabricated metal products (SlC 

34) 145 146 148 154 183 207 253 313 324 358 384 455 550 624 568 604 716 624 

Motor veh,cles"(SIC 371)' . 884 999 1,182 1,344 1.499 1.591 1,954 2,389 2,340 2,778 3,879 4,509 4,955 4,806 4,807 5,337 6.090 7.058 

Other manufacturing industries 118 64 63 77 102 128 202 264 296 311 397 447 526 698 655 758 1.443 1.290 

Nonmanufacturingindustnes 168 234 319 497 603 705 707 768 735 845 1.229 1,540 1,815 1.906 2.005 2.189 2.585 2.851 

(continued) 
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Appendix table 6-3. (Continued) 

Industry ^ggo 1962 



1976 1978 1979 1980 1981 1982 1983 1984 1 985 



S33.955 $35,892 S4,.032 .74 546,94 S42986 S42.056 S12.4,5 S40.78, S42.805 S46.„5 S48.652 S5,.9,9 $55.,40 S57.996 S6,,047 $66,343 S70.326 



Total 

A'i high'lechnology manufacturing 

industries . . . 
Chemicals and allied products 

(SIC 28) , . , . 
Machinery (including 

computers) (SiC 35) 
Electrical equipment (SIC 36) 
Aircraft and missiles (SIC 372. 

376) , , . . 
Professional and scientific 

instruments (SIC 38) 
All other manufactunng 

industries . 
Food, kindred, and tobacco 

products (SIC 20. 21) 
Textile*; and appare! (SIC 22, 

23),. . . 
Lumber, v/ood products, and 

furniture (SIC 24. 25) 
Paper anJ coined products (SIC 

26) . . 
Petroleum refining (SIC 29) 
Rubber products (SIC 30) 
Stone, day. and glass products 

(SIC 32) 
Primary metals (SIC 33) 
Fabricated metal products (SIC 

34) . 

Motor vehicles (SIC 371) 
Other manufactunng industries 
Nonmanufacturing industries 

' GNP implicit price deflators used to convert current dollars to constant 1982 dollars 
SOURCE National Science Foundation, Research an6 Development tn Industry (annual series) 
See figures 6'3 and 0-29 m Overview 



- Millions constant 1982 dollars' 



26.830 


28.425 


32,432 


35 023 


36.001 


32.560 


31 314 


3.166 


3,679 


3.899 


4 025 


4.212 






3,066 
8.181 


2.962 
8,262 


3.082 
9,025 


3.481 
10,372 


3.931 
10.822 


4,114 
10 040 


4.642 


11.354 


12.655 


15.421 


15.807 


15.280 


12,417 


10.647 


1,063 


967 


1.005 


1.339 


1.757 


1,770 


1.803 


6.582 


6.735 


7,631 


8,029 


8.595 


8.749 


9,221 


336 


379 


437 


469 


488 


547 


557 


1?3 


88 


97 


146 


154 


138 


131 


32 


31 


36 


34 


53 


124 


138 


181 

956 
391 


204 
971 
441 


234 
1.193 
480 


335 
1,061 
481 


382 
1.158 
591 


424 
1.225 
657 


407 
1.007 
811 


284 
572 


301 

535 


331 

592 


335 
664 


376 
665 


397 
654 


394 
596 


468 
2.856 
381 
543 


457 
3.128 
200 
733 


449 
3.589 
191 

yo9 


441 
3.844 

220 
1.422 


485 
3.973 

270 
1.598 


493 
3.785 

305 
1.677 


:44 
4.?03 
435 
1.521 



552 

128 

156 

439 
1.153 
869 

402 
663 

580 
4.427 
489 



30.204 


31.410 


33.099 


34.661 


37.260 


40.819 


43.813 


46,145 


50.369 


53.671 


A CQQ 

4.0^0 


4.784 


4.957 


5.139 


5.408 


5.987 


6.659 


7,022 


7,452 


7.796 


5,389 
8.607 


5,529 
8.936 


5.930 
9.010 


6.141 
9.958 


6.884 
10.703 


7.256 
10.993 


7,835 
11.642 


8.074 
13.432 


8,973 
14,568 


9778 
15,364 


9.632 


10.051 


10 435 


10.234 


10.730 


12.737 


13,658 


13.338 


14.883 


15.849 


1.978 


2.110 


2,767 


3 J 88 


3.534 


3,846 


4,019 


4,279 


4.493 


4.884 


9.337 


10.055 


11,314 


12 031 


12.542 


12.292 


12.178 


12.794 


13.575 


14.090 


565 


563 


654 


672 


723 


765 


780 


843 


929 


937 


118 


130 


123 


129 


134 


132 


130 


139 


129 


135 


148 


170 


174 


177 


173 


171 


162 


163 


168 


155 


420 
1.168 
787 


496 
1.216 
796 


536 
1.468 
683 


566 
1.606 
734 


577 
1.811 

765 


607 
1,809 
851 


626 
2.100 
850 


719 
2.146 
788 


744 
2.021 
821 


773 
1.894 
1.032 


393 
747 


417 
802 


449 
775 


453 
807 


474 
849 


500 
934 


500 
1,000 


473 
1,074 


442 
664 


437 
657 


546 
3.945 

499 
1.239 


568 
4.405 

493 
1.340 


532 
5,371 

550 
1.702 


579 
5.739 

569 
1.960 


642 
5.780 

614 
2.117 


664 
5.115 

743 
2.029 


568 
4,807 

655 
2.005 


582 
5.139 

730 
2,108 


665 
5.653 
1.339 
2.400 


561 
6.349 
1.160 

2,565 
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Appendix table 6-4. Total employment of R&D-performing companies, by industry: 1960-1985 



Industry i960 1962 1964 1966 1968 1970 1972 1974 1975 1976 1978 1979 1980 1981 1982 1983 1984 1985 

Thousands 

Total 11.634 11.404 11,561 13.383 14.425 14.443 14.090 14.085 13.455 14.088 14.897 15.549 17.276 17.210 15.596 15.229 15.605 15.229 

All high -technology manufacturing 

industries 4.637 4.807 4.843 5.890 6.480 6.623 6.286 6.403 6.120 6.000 6.417 6,734 7,260 7.419 6.485 6.442 6.791 6.752 

Chemicals and allied products 

(SIC 28) 862 948 954 1.036 1.145 1.065 1.052 1.091 1.088 1.124 1.164 1.224 1.278 1.311 1.281 1.243 1.240 1.263 

Machinery (including computers) 

(SIC 35) 1.249 1.176 1.140 1.351 1.492 1.528 1.483 1.547 1.508 1.470 1.563 1.649 1.847 2.077 1.690 1.495 1.557 1.527 

Electrical equipment (SIC 36. 

48) . 1.362 1.412 1.582 2.135 2.203 2.355 2.319 2.286 2,081 1.984 2.180 2.250 2.286 2.240 1.963 2.173 2.430 2,357 

Aircraft and missiles (SIC 372, 

376) 884 962 898 1,026 1.241 1.164 965 988 971 927 974 1.039 987 949 940 906 947 987 

Professional and scientific 

instruments (SIC 38) 280 309 269 342 399 511 467 491 472 495 536 572 862 842 611 625 617 6l8 

All other manufacturing industries 5.762 5.735 5.832 6.446 6.726 7.254 7.258 7.110 6.745 7.265 7.566 7.884 8,120 7.762 7.168 6.878 7.097 6.893 
Food, kindred, and tobacco 

products (SIC 20, 21) 737 784 837 774 779 920 987 951 955 930 921 958 1.332 1,298 1.291 1.195 1,346 1.312 

lextiles and apparel 

(SIC 22, 23) 388 376 382 538 633 606 602 600 562 633 608 611 715 628 529 538 531 497 

Lumber, wood products, and 

furniture (SIC 24, 25) 117 99 112 157 201 244 258 254 254 302 335 336 290 296 279 273 288 290 

Paper and allied products 

(SIC 26) 361 402 406 448 473 631 652 592 568 527 523 528 537 522 51 8 504 507 487 

Petroleum refining (SIC 29) ... . 526 506 578 617 627 554 530 469 480 513 526 529 703 716 672 622 618 566 

Rubber products (SIC 30) 267 283 309 341 355 381 368 376 343 439 439 445 393 363 360 399 430 406 

Stone, clay and glass products 

(SIC 32) na 330 335 363 392 361 348 345 333 404 401 420 434 405 356 342 349 342 

Primary metals (SIC 33) ...... . 1,036 1,022 1,016 1,124 1,110 1,090 1,049 1,072 1,010 1.056 1,097 1,118 1,068 1,018 880 758 714 673 

Fabricated metal products 

(SIC 34) 407 455 422 476 514 689 687 707 677 601 643 669 570 551 499 449 471 436 

Motor vehicles and other 
transportation equipment (SIC 

371,373-5,379) ........... 1.146 1.080 1,149 1.264 1,292 1,350 1,308 1,279 1,120 1,283 1,434 1,472 1,381 1,232 1,093 1,111 1,203 1,2l8 

Other manufacturing industries 

(SIC 27, 31, 39) 777 398 286 344 350 428 469 465 443 577 639 798 697 733 691 687 640 667 

Nonmanufacturing industries .... . 1,235 862 886 1,048 1,2l9 566 546 572 602 824 914 931 1,898 2,028 1,945 1,908 1,841 1,782 

SOURCE: National Science Foundation, Research and Development m Industry (annual series) 

See figure 6-4 Science & Engineering Indicators— 1987 
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Appendix table 6-5. Federal funding of industrial R&D, for selected 
industries: 1980-85 

'"^"^^^y 1980 1983 1984 1985 

Millions of dollars 

''^If!"-. S14.029 $20,542 $23,163 $26,485 

Chemicals and allied products (SIC 28) ... . 372 448 232 316 

Industrial chemicals (SIC 281-2, 286) .... 341 440 223 298 

Petroleum refining (SIC 29) 151 na NA NA 

Primary metals (SIC 33) 135 392 na NA 

Ferrous metals and products (SIC 331-2, 

339^.99) 105 NA NA NA 

Nonferrous metals and products 

(SIC 333.6) 30 NA 32 41 

Fabricated metal products (SIC 34) 49 62 61 42 

Machinery (including computers) (SIC 35) . 647 1,131 1 2I6 1 536 

Electrical equipment (SIC 36) 3,744 5,286 5i956 6 887 

Radio and TV receiving equipment 

^(^'^3^5) 210 NA NA NA 

Communication equipment (SIC 366) .... 1,657 2,572 3.1 14 3 606 

Electronic components (SIC 367) 382 346 452 520 

Other electrical equipment 

(SIC 361-4, 369) 1,495 nA NA NA 

Motor vehicles and motor vehicle equipment 

J^^^^^^^) 655 566 677 978 

Atrcraft and missiles (SIC 372, 376) ...... . 6,628 10,405 12,228 13 421 

Professional and scientific instruments 

- 573 639 660 707 

Scientific and mechanical measuring 

instruments (SIC 381-2) 350 na NA NA 

Optical, surgical, photographic, and other 

instruments (SIC 383-7) 223 NA NA NA 

Nonmanufacturing industries 779 i,022 1 224 NA 

Millions of constant 1982' dollars 

$16,366 $19,779 $21,C01 $23,824 

Chemicals and allied products (SIC 28) ... . 434 431 215 284 

Industrial chemicals (SIC 281-2, 286) .... 398 424 207 268 

Petroleum refining (SIC 29) 176 NA NA NA 

Primary metals (SIC 33) 157 377 ^A NA 

Ferrous metals and products 

(SIC 331-2, 3398-99) 122 NA NA NA 

Nonferrous metals and products 

(SIC 333-6) 35 NA 30 37 

Fabricated metal products (SIC 34) 57 60 57 33 

Machinery (including computers) (SIC 35) . 755 1 089 1 129 1 382 

Electrical equipment (SIC 36) 4,368 5,090 5,529 6^1 95 

Radio and TV receiving equipment 

^(^'^3^5) 245 NA NA NA 

Communication equipment (SIC 366) .... 1 ,933 2,476 2,891 3 244 

Electronic components (SIC 367) 446 '333 '420 '468 

Other electrical equipment 

(SIC 361-4. 369) 1,744 nA NA NA 

Motor vehicles and n^otor vehicle equipment 

764 545 628 880 

Aircraft and missiles (SIC 372, 376) 7,732 10,018 11,351 12 073 

Professional and scientific instruments 

lfl*^^f.^ 668 615 613 636 

Scientific and mechanical measuring 

instruments (SIC 381-2) 4O8 NA NA NA 

Optical, surgical, photographic, and other 

instruments (SIC 383-7) 260 NA NA NA 

Nonmanufacturing industries 909 984 1136 NA 

' GNP implicit price dellator used to convert current dollars to constant dollars. 

SOURCE: National Science Foundation. Research and Development m Industry (annual series) 
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Appendix table 6-6. Company funds for research and development by industry: 1970-87 





1970 


1972 


1974 


1976 


1978 


1980 


1981 


1982 


1983 


1984 


1985 


1986' 


1987' 














Millio 


ns of dollars 














$10,283 


$11,535 


$14,667 


$17,436 


$22,115 


$30,476 


$35,428 $39,512 


$42,861 


$48,308 


$51,696 


$54,724 


$59,500 


All high-technology manufacturing industnes , . 


6.833 


7,468 


9.599 


11.373 


14.383 


19.975 


24.156 


27.529 


30.016 


33.971 


36.802 


39.363 


42.800 


Chemicals and allied products (SIC 28) — . 


1.593 


1.741 


2.236 


2.751 


3.250 


4.264 


5,205 


6.226 


6.845 


7.797 


8.352 


9.190 


9.600 


Machinery (including computers) (SIC 35) . . 


1.469 


1.758 


2.473 


2.955 


3.901 


5,254 


6.1 24 


6.977 


7.254 


8.452 


9.334 


10.200 


10.800 


Electrical equipment (SIC 36) 


2.008 


2,313 


2.704 


3,081 


3.741 


5.431 


6.409 


7.048 


8.664 


9.738 


10,194 


10.222 


1 2.500 


Aircraft and missiles (SIC 372. 376) 


1.213 


978 


1.278 


1.418 


1,823 


2.570 


3.440 


3.882 


3.448 


3.804 


4,198 


4.751 


4.600 


Professional and scientific instruments 
































D/O 




1 1 (^p 


1 .uuo 


2.456 


2.978 


3.396 


3 805 


4.180 


4,724 


5,000 


5,300 




3.225 


3.790 


4,763 


5.592 


7,030 


9.464 


10.224 


10.882 


11,678 


12,967 


NA 


NA 


NA 


Food, kindred, and tobacco products 




























(SIC 20, 21) 


222 


258 


297 


NA 


NA 


NA 


636 


762 


766 


1.001 


1.042 


NA 


NA 


Textiles and apparel (SIC 22, 23) .......... 


NA 


61 


NA 


NA 


NA 


NA 


116 


124 


125 


139 


150 


NA 


NA 


Lumber, wood products, and furniture 




























(SIC 24. 25) 


52 


NA 


NA 


106 


126 


148 


161 


162 


169 


181 


172 


NA 


NA 


Paper and allied products (SIC 26) ......... 


NA 


NA 


NA 


NA 


NA 


495 


566 


626 


674 


802 


859 


NA 


NA 


Petroleum refining (SIC 29) 


493 


454 


603 


715 


939 


1,401 


1.780 


1.981 


2.030 


2.177 


2.106 


NA 


NA 




205 


255 


NA 


NA 


NA 


NA 


598 


665 


743 


884 


834 


NA 


NA 


Stone, clay and glass products (SIC 32) . . . . 


156 


168 


NA 


NA 


NA 


363 


411 


414 


451 


476 


486 


NA 


NA 


Primary metals (SIC 33) 


265 


264 


350 


481 


497 


594 


702 


721 


722 


715 


730 


NA 


NA 


Fabricated metal products (SIC 34) ... — . 


201 


243 


299 


322 


348 


501 


545 


510 


542 


654 


582 


NA 


NA 


Motor vehicles and other transportation 




























equipment (SIC 371. 373-5. 379) 


1.278 


1,690 


2.141 


2.395 


3.381 


4,388 


4.299 


4.425 


4,931 


5.565 


6.218 


6.600 


6,600 




NA 


NA 


NA 


212 


266 


339 


410 


492 


525 


373 


NA 


NA 


NA 




225 


277 


305 


471 


702 


1,037 


1,048 


1.101 


1.167 


1.370 


1.366 


NA 


NA 



(continued) 
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Appendix table 6-6. (Continued) 



1981 



1982 1983 



1984 



1985 1986' 1987' 



V S24.466 $24,812 $27,181 $27,645 

All high-technology manufacturing industries .... 1 6,257 1 6.064 1 7,789 1 8 032 

Chemicals and allied products (SIC 28) ...... . 3.790 3.V45 4*144 4362 

Machinery (including computers) (SIC 35) .... 3.495 3!781 4 583 4 685 

Electrical equipment (SIC 36) 4.778 4.975 5 01 1 4 885 

Aircraft and missiles (SIC 372, 376) 2.886 2.104 2,368 2.248 

Professional and scientific instruments 

(5'^38) 1.309 1.458 1.683 1.852 

All other manufacturing industries 7.673 8,1 52 8.827 8.866 

Food, kindred, and tobacco products 

(SIC 20. 21) 555 

Textiles and apparel (SIC 22. 23) ma 131 na NA 

Lumber, wood products, and furniture 

(SIC 24. 25) 124 NA NA 168 

Paper and allied products (SIC 26) NA NA NA NA 

Petroleum refining (SIC 29) 1 , 1 73 977 ^ ^ ^ 7 ^ ^ 34 

Rubber products (SIC 30) 488 549 ' NA * NA 

Stone, clay and glass products (SIC 32) 371 361 NA NA 

Primary metals (SIC 33) 631 568 649 763 

Fabricated metal products (SIC 34) 473 523 554 51 1 

Motor vehicles and other transportation 

equipment (SIC 371. 373-5. 379) 3,041 3.635 3.968 3 797 

Other manufacturing industries na NA NA 336 

Nonmanufacturing industries 535 595 505 -j^-j 

' Estimated 

^ GNP implicit price deflators used to convert current dollars to constant 1982 dollars 
Note: Detail may not add to totals because of rounding 

SOURCE: National Science Foundation, Research and Development m Industry (annual senes) 



Millions of constant 1982 dollars ■ 



332.870 
21,378 
4.831 
5.798 
5.560 
2.710 

2.479 
10.449 

NA 
NA 

187 
NA 
1,396 
NA 
NA 
739 
517 

5.025 
395 
1.043 



$35,553 
23,303 
4,974 
6.129 
6.336 
2.998 

2.865 
11.041 

NA 
NA 

173 
577 
1.634 
NA 
423 
693 
584 

5.119 

395 
1.210 



$37,705 
25,709 
5.540 
6.518 
6.821 
3.661 

3.169 
10.881 

677 
123 

171 
602 
1.894 
636 
437 
747 
580 

4.575 
436 
1.115 



S39.512 
27.529 
6.226 
6.977 
7.048 
3.882 

3.396 
10.882 

762 
124 

162 
626 
1.981 
665 
414 
721 
510 

4.425 
492 
1.101 



341.268 
28.900 
6.591 
6.984 
8.342 
3.320 

3.664 
11.244 

738 
120 

163 
649 
1.955 
715 
434 
695 
522 

4.748 
505 
1,124 



344.842 
31.533 
7.233 
7.846 
9.039 
3.531 

3.880 
12.037 

929 
129 

168 
744 
2.021 
821 
442 
664 
607 

5,166 
346 
1.272 



346.502 
33.104 
7fii3 
8.396 
9.170 
3.776 

4.249 
NA 

937 
135 

155 
773 
1.894 
750 
437 
657 
524 

5.593 
NA 
1.229 



347.982 
34.514 
8.058 
8.943 
8.963 
4.166 

4.384 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.787 
NA 
NA 



350.484 
36.314 
8.145 
9.163 
10.606 
3.903 

4,497 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.600 
NA 
NA 
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Appendix table 6-7, Share of R&D funding provided by the Federal 
Government in selected industries: 1980-85 



Industry 


1980 


1983 


1984 


1985 






— Percent 






31.5 


32.4 


32.4 


33.9 




8.0 


6.1 


2.9 


3.6 




9.7 


NA 


NA 


NA 




18.5 


35.2 


NA 


NA 




8.9 


10.3 


8.5 


6.7 


Machinery (including computers) (SIC 35) 


11.0 


13.5 


12.6 


14.1 




40.8 


37.9 


38.0 


40.3 




72,0 


75.1 


76.3 


76.2 


Professional and scientific instruments (SIC 38) — 


18.9 


14.4 


13.6 


13.C 




. . . 42.9 


46.7 


47.9 


NA 



Note. NA Not Avairable. 

SOURCE' Sec appendix tobies 6-5. 6-6 Science & Engineering Indicators- 1987 
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Appendix table 6-8. U.S. patents granted, by nationality of inventor: 1970-86 



. By dale ol gran t ^ By dale ol app l.calion 

lnvcnto,s from: ^ lnvenlo,s lr onr~~ 

nl'.nnf. Q.T'' . Other All U.S. United All olheT"^" Ur^ii^d 

_ Pa^Sjates^coc^es^J^^^ patents States countr.es Ja pan Germany Kingdom France counires 

'fO • ■■ 64.429 47.077 17.352 2.625 4.435 2.954 1.731 5.607 65 944 45 852 20 092 4~370~To20 979R , oc^ ' 

1 l^-VJ 55.984 22.333 4.029 5.622 3.464 2.214 7.164 HZ .5 " 2a7 7 All 4 997 2022 G 22 

'^'2 74.551 51.349 23.202 5.129 5.709 3.149 2.219 6.996 63.372 42.446 20.926 4 588 5 048 'IS 2 n3 6509 

S 6 8 50 25 637 SI «1S f'^ '""^ 66.308 42.752 23.556 5.866 5 7.^6 Sll 2.2 .gJs 

'^^^ ^^-2^^ 50.641 25.637 5.892 6.1S3 3.146 2.569 7.877 66.407 41.853 24.554 6.327 5.856 2.884 2.225 7202 

nil 72.000 46.715 25.285 6.352 6.036 3.043 2.367 7.487 65.846 42.226 23.620 6 074 5 460 2 668 2 151 7 267 

'976 70.226 44.280 25.946 6.543 6.180 2.995 2.408 7.820 65 762 41611 24 151 6^77 ^'^yi I'T^l olol ^ocl 

nil ^5.269 41.485 23.784 6.217 5.537 2.654 2.108 7:26? 65.916 4a8i 2 .U 70 ' 2 ? 20 8 734I 

• S 079 ?8 775 5 25! IS fSo '''''' ''''' ^"'^^ ^IsJfl 2.2 ! 8 
^^-^^^ 2°-°79 '8.775 5.251 4.527 1.910 1.604 5.483 65.577 38.901 26.676 8.405 6.131 2.469 2.220 7 431 

11^, 61.819 37.356 24.463 7.12> 5.747 2.406 2.088 7.098 66.119 38.688 27.431 9 527 6 162 2 359 2 289 7 09-1 

• ! 3l896 Hill fi?!a If' 2-'^' ^-252 62.906 36.169 26737 9 918 5.99 2. .6 

3- : 6 6? 28 239 7 ' 2 P ^ Ull IT "-^"^ 2.200 2.100 6.406 
984' 6/2o2 IbIII 28 835 n'nn IHI oo.l o^ll ^"^'^ ^''^ ^6.900 11.300 5.400 2.100 2.000 6.100 
^^-^^ ^^■^'^^ 28.835 11.110 6.255 2.271 2.162 7.037 65.900 35.800 30.008 13.100 5.900 2.300 2.200 6 500 

l\f' 39.554 32.107 12.746 6.665 2.495 2.400 7.801 69.300 37.000 32.300 15.200 6.300 2 400 2 300 6 200 

70.860 38.124 32.736 13.209 6.803 ^409 2.369 7.946 72.500 39.000 33.500 16:700 6.600 2.400 sjoo 
' Data by date of application are estimated 

See figures 6 b. 6-7, and 0*22 in Overview 
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Appendix table 6-9. U.S. patents granted to U.S. inventors, by type of owner: 1970-86 



By date of application 



By date of grant 



Year 



All 
patents 



U.S. 
corp 



U.S. 
Gov't 



U.S. 
Individual' 



Foreign^ 



All 
patents 



U.S. 
corp. 



U.S. 

Go : 



U.S. 
individual' 



Foreign^ 



1970 45.852 33,104 1,624 10,869 255 47,077 34.978 1760 10,096 243 

1971 45,584 32,627 1,595 11,105 257 55.984 40,925 2,131 ^2,584 344 

1972 42 446 30,578 1.513 10J51 204 51,524 37,960 1J59 11.569 235 

1973 " 42 752 30.573 1,391 10.602 186 51.500 36,853 2,069 12.348 230 

1974 41,853 30.167 1,573 9,896 212 50.641 35,119 1.715 12,552 255 

1975 42 226 30,338 1,500 10,232 156 46,715 33,429 1,888 11.184 214 

1976 41,611 29,128 1,347 10,941 195 44,280 32,174 1.813 10,083 210 

1977 40,801 28,500 1,178 10,898 225 41.485 29,566 1.484 10,249 186 

1978 39 590 27,704 1,201 10,456 229 41,254 29.421 1,233 10,399 201 

1979 ;;;;;;;;;; 38,901 27,235 i,086 10,269 261 30,079 21,145 96i 7,804 i69 

1980 38,688 27,484 1,133 9,798 273 37,356 25,967 1,232 9,940 217 

1981 36,169 26,360 1,146 8,414 249 39.223 27,623 1J17 10,241 242 
19823 ... 36,700 26,700 1,200 8,500 300 33,896 24.085 1,003 8,539 269 
19833 34 400 25.100 1,100 8,000 200 32,871 24,038 1,043 7.562 228 
19843 .... 35!800 26,100 1,100 8,300 200 38,365 28,002 1,228 8,887 248 

19853 37,000 27,000 1,200 8.600 300 39,554 28.944 1.124 9,243 243 

19863 ^ 39,000 28.400 1,200 9.100 300 38,124 27.324 1,011 9,461 328 

' Includes unassigned patents. 

2 Comprises patents assigned to foreign corporations, governments, and individuals 
5 Data by dale of application are estimated. 
Nots: NA Not available. 

SOURCES- Office of Technology Assessment and Forecast. U.S. Patent and Trademark Office (OTAF). Special Report A Profile of US Patent Activity, 1978; OTAF 
indicatorsofPater^tOutputofU.S. Industry {1963^7% June 1980. OTAR Indicators of Patent Outputof U.S. Industry (1963-81), June 1982. and OTAF unpublished data 
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Appendix table 6^10. Shares of U.S. patents granted to inventors in various countries by 
product field: 1 975 and 1986 

Country and year of grant 

granted ^ . 

to all United vvest United n h 

countries States Japan Germany Kingdom France Canada Italy countnLs 

1975 

Percent 

All technologies' 72,000 64.9 8.8 8.4 4 2 3 3 1 8 1 0 7r 

Food and kindred products 70i 703 77 ^, Z't ft 

ir^.'-fP^"^"^'' 6?.7 ,::8 • ■ 0°8 04 6 1 

Chemicals, except drugs & medicines .. . 1 0.806 58.5 9.8 11 8 t't t^l 

Drugs & medicines ,.067 54.8 12.4 W.O 47 el 8 « H 

Petroleum & natural gas extraction & '"^ ^-2 

refining 754 86 3 ?S 17 oq 

Rubber & miscellaneous plastic ^ ^'^ ^-^ ^-^ 2.4 

^P^°^"^^^ • 2.931 65.7 10.1 7.8 4 6 3 3 ift 10 

Stone, clay, glass, & concrete products . . 1,375 65.0 8 0 6 8 71 ^1 I a I'Z 

Primary metals S55 53., ^3;^ 3. 1.4 0.8 7.9 

Fabricated metal products 6.064 71.4 54 6 7 3 9 t l I 

Machinery, except electrical (excl. Off.. • d.7 2.1 0.9 6.9 

computing & accounting machines) . . . 1 5,748 62 6 6 7 97 43 oq io 

Office, computing, & accounting " ^-2 9-7 

machines 1 455 g^g 73 

Electrical & electronic machinery, except ■ i- 2.9 1.0 1.2 5.9 

communication equipment 4,325 64.3 9.6 9 8 41 31 ia 11 

Communication equipment & electronic ^'^ 

components 7j06 66.7 12 7 60 42 i'^ 

Motor vehicles and other transportation "-^ ^-2 

equipment, except aircraft 3,163 65 8 71 q q .10 

^-"*P-'s 705 607 9.6 10.2 4 5 i" 0%' 4 J 

Professional & scientific instruments .... 8,457 65.9 11.9 70 34 34 14 0 7 73 

1986 

All technologies- 70,860 ^6 ^ 4^'^^"^ 71 ~ ~ ~ 

Food and kindred products 454 62.6 11.? 64 29 3? 1 II 

Textile mill products 46i 521 ,6 9 12 6 37 t n 

Chemicals, except drugs & medicines .. . 7,804 53.8 15 2 12 6 -^Q ^« ,'0 ^'^ 

Drugs &.edicines I.411 48.6 16.2 \ol i 7 5 6 76 

Petroleum & natural gas extraction & ^"^ 2.b 7.6 

^^^'"'"9 789 80.5 6.3 2 9 1 3 ?? 

Rubbers miscellaneous plastic ^'^ 2.3 0.4 4.2 

products. 2.856 56.2 18.0 10.5 3.3 2 7 1 7 1 2 6^ 

Stone, clay, glass & concrete products .. 1,352 53.1 19 5 qq 07 00 'i Y 

^7^^y--tals 720 43.1 22.8 9.4 4 4 3'? 3 9 0 IP I 

Fabricated metal products 5,739 58.9 11.9 9 6 3 3 34 07 no 00 

Machinery except electrical (excl. Off., ' * ^ "'^ 9-2 

computing & accounting machines) . . . 13,766 50.2 15.3 13.5 3 3 3 4 ? 1 on mo 

Office, computing, & accounting "^-^ 2.0 10.2 

machines 2.462 46 5 32 6 5 9 

Electrical & electronic machinery, except ' 2.0 1.7 0.9 1.5 8.9 

communication equipment 4.392 52.5 21 .1 9.3 3 4 35 14 1 « 

Communication equipment & electronic " '-2 

components 8.822 54 2 25 5 5 5 

Motor vehicles and other transportation ' ■ 3.8 1.5 0.7 5.3 

equipment, except aircraft 2,809 46.5 23.1 12.8 32 3/ 18 - iq 

^'^^".^Pfj^-: ei6 40.1 30.4 12.5 J? 50 1 o \\ 

Professional & scientific instruments .... 10,048 53.2 23.1 7.7 3.7 2 9 1 6 0 9 6 9 

SOURCE: U.S. Department Of Commerce. U.S. Patent and Trademark Off,ce. Par^^^^^^ 
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Appendix table 6-11. U.S. patents granted to Inventors In various countries, for selected technologies: 1975, 1986 



Total 



United States 



Japan 



Technology group 



1975 



1986 



1975 



1986 



1975 



1986 



West Germany 



1975 



France 



United Kingdom 



Other 



1986 



1975 



1986 



1975 



1986 



1975 



1986 



o 

U1 



ERIC 



Patents granted 



All technologies 72,000 70.860 46.715 38,124 

Solar energy 148 432 116 288 

Jet engines 658 422 437 252 

Light wave communications 307 497 209 257 

Light wave & multiplexed light 

wave communications per se . . 42 103 31 58 

Machine tools - metal working . . . 1.121 1.178 724 598 

Telecommunications 2.532 3.904 1 ,665 2.043 

Internal combustion engines 1,019 1.213 547 342 

Steel and iron 593 469 287 173 

Laser light sources and 

detectors 79 113 JO 57 

Nuclear energy 409 528 288 296 

Semiconductor devices & 

manufacture 1.082 1,586 739 908 

Light transmitting fiber, waveguide 

or rod 201 310 140 160 

General purpose programmable 

digital computer systems 146 353 113 243 

Robots 49 214 31 106 

Genetic engineering 11 116 3 91 

All technologies 64.88 53.80 

Solar energy 78.38 66.67 

Jet engines 66.41 59.72 

Light wave communications 68.08 51.71 

Light wave & multiplexed light 

wave communications per se . . 73.81 56.31 

Machine tools - metal working . . . 64.59 50.76 

Telecommunications 65.76 52.33 

Internal cc mbustion engines . . . 53.68 28.1 9 

Steel and ^ron 48.40 36.89 

Laser light sources and 

detectors 63.29 50.44 

Nuclear energy 70 42 56.06 

Semiconductor devices & 

manufacture 68.30 57.25 

Light transmitting fiber, waveguide 

or rod 69.65 51.61 

General purpose programmable 

digital computer systems 77.40 68.84 

Robots 63.27 49.53 

Genetic engineering 27.27 78.45 

SOURCE: U.S. Department of Commerce. Patent and Trademark Office, unpublished data 
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6.352 
6 
26 
47 

7 
87 
346 
170 
104 

11 
13 

141 

31 

7 
10 

3 



13.209 
84 
37 
118 

18 
200 
1,028 
532 
137 

40 
58 

458 

64 

68 
63 
13 



6.036 
10 
57 
15 

1 

116 
133 
138 
54 

5 
32 

87 



6.803 
18 
38 
40 

10 
162 
207 
170 

50 

7 
52 

81 

25 

12 
16 
4 



2.367 
9 
31 
10 

2 
27 
91 
41 
17 

4 

22 

24 

4 

2 
1 
0 



2.369 
4 
20 
30 

6 
24 
161 
33 
19 

3 
62 

41 

25 

9 
10 
0 



National shares (percent) 



8.82 
4.05 
3.95 
15.31 

16.67 
7.76 
12.G7 
16.68 
17.54 

13.92 
3.18 

13.03 

15.42 

4.79 
20.41 
27.27 



18.64 
19.44 
8.77 
23.74 

17.48 
16.98 
26.33 
43.86 
29.21 

35.40 
10.98 

28.88 

20.65 

19.26 
29.44 
11.21 



8.38 
6.76 
8.66 
4.89 

2.38 
10.35 

5.25 
13.54 

9.11 

6.33 
7.82 

8.04 

4.48 

5.48 
0.00 
9.09 



9.60 
4.17 
9.00 
8.05 

9.71 
13.75 

5.30 
14.01 
10.66 

6.19 
9.85 

5.11 

8.06 

3.40 
7.48 
3.45 



3.29 
6.08 
4.71 
3.26 

4.76 
2.41 
3.59 
4.02 
2.87 

5.06 
5.38 

2.22 

1.99 

1.37 
2.04 
0.00 



3.34 
0.93 
4.74 
6.04 

5.83 
2.04 
4.12 
2.72 
4.05 

2.65 
11.74 

2.59 

8.06 

2.55 
4.67 
0.00 



3.043 
3 
50 
19 

1 

39 
120 
53 
12 

7 
19 

38 

12 

8 
0 
0 



4.23 
2.03 
7.60 
6.19 

2.38 
3.48 
4.74 
5.20 
2.02 

8.86 
4.65 

3.51 

5.97 

5.48 
0.00 
0.00 



2,409 



7.487 7.946 



3 


4 


35 


23 


57 


52 


26 


7 


26 


6 


0 


5 


37 


128 


157 


1fi7 


177 






70 




14 


119 


76 


3 


2 


3 


17 


35 


43 


35 


53 


63 


17 


5 


19 


7 


8 


14 


8 


7 


11 


4 


4 


4 


^ AO 




1101 


0.69 


2.70 


8.10 


5.45 


8.66 


12.32 


5.23 


2.28 


5.23 


5.83 


0.00 


4.85 


3.14 


11.42 


13.33 






7 f\\ 

1 .DO 


A CiA 


fi fl7 


7 17 


2.99 


20.07 


16.20 


2.65 


2.53 


2.65 


3.22 


8.56 


8.14 


2.21 


4.90 


3.97 


5.48 


2.49 


6.13 


1.98 


5.48 


3.97 


3.74 


14.29 


5.14 


3.45 


36.36 


3.45 
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Appendix table 6-12. Success rates of patent applications to U.S. Patent and Trademark Office, 



Year of application 


United 
States 


Japan 


Netherlands 


United 
Kingdom 


West 

Germany Canada 


Sweden 


France 


Switzerland 


Italy 


1975 

1981 


65.5 
58.0 


70.9 
70.8 


65.3 
61.0 


58.4 
50.4 


Percent 

66.1 53.2 
60.4 51.9 


65.7 
56.9 


70.6 
63.4 


65.2 
61.2 


60.5 
51.2 



SOURCE: U.S. Department ot Commerce. Patent and Trademark Office, unpublished data 
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Appendix table 6-13. U.S. emplo yment, by size of firm, 1975-84 

Firm size (number of employees) 

Less than Total small Greater Total large Total 

20 20-99 100-499 business 500-999 than 1000 business employment 

Thousands 

llll 16.393 16.272 13.713 46.378 4.872 9.315 14.187 60 565 

'l^ 16.821 17.099 14.434 48.354 5.053 9.241 14 294 62 648 

llZ ^'-^"^ ''-^'^ '""-^^^ 50.376 5.157 9.443 14 600 64 976 

1978 18.723 19.612 16.327 54.662 5.537 10090 15 627 Inlll 

IIZ 57.925 5.780 !a9 6 'ejfe 74 6 

1980 19.423 21,168 17,840 58.431 5,689 10716 16405 74fi^fi 

Zl 58.723 5.497 106 J J 27 74 50 

]Z 58.485 5.436 10.376 15 812 74 297 

S IVf 57.736 5.186 10.050 15.236 72 972 

I^S'' 21.171 22.449 18.348 61,968 5.614 10,413 16.027 77:995 

Average annual growth 

Percent . 

1975-80 3.45 5.40 5.40 4.73 3.15 2 84 0 03 4 -?? 

1980-84 2.18 1.48 0.70 1.48 -0.33 -071 -058 Jo4 

1^^5-84 2.88 3.64 3.29 3.27 1.59 S 2.85 

SOURCE: U.S. Bureau of the Census. Statistical Abstract of the United States. 1987, Washington. DC (1986). p. 507 
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Appendix table 6-14. Venture capitaP resources, commitments and 
disbursements: 1978-86 

Net new private Disbursements excluding 
capital committed Total pool of SBIC straight debt 
to venture capital capital under lending' and leveraged 
^irms^ management buyout fin ancing 

Millions of dollars 

1978 600 3.500 332 

1979 300 3.800 665 

1980 700 4.500 799 

1981 1,300 5,800 1.171 

1982 1,800 7,600 1.566 

1983 4,500 12.100 2.457 

1984 4,200 16.300 2!65l 

1985 3,300 19.600 2.272 

1986 4,500 24.100 £392 

^ Data describe resources of venture capital firms reporting to Venture Economics. IncJn 1 984-85. the Venture 

Economics database covered about 600 U.S. venture capital firms, 

2 Total new private capital less capital withdrawals, 

' Debt financing by licensed Small Business Investment Corporations 

SOURCE: Venture Economics. Inc., special tabulations prepared for the National Science Foundation 
See figure 6-8. Science & Engineering Indicators— 1987 
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Appendix table 6-15. Venture capital investments, by industry: 1984-86 



Industry 



Total 

Commercial communications, triephone & data 

communications 

Computers & computer related 

Electronic components & other electronics 

Biotechnology 

Other medical/health 

Chemicals & matenals 

Industrial automation 

Industrial equipment & machinery 

Energy • • • • 

Consumer 

Other 

Total 

Commercial communications, telephone & data 

communications 

Computers & computer related 

Electronic components & other electronics 

Biotechnology 

Other medical/health 

Chemicals & niaterials 

Industrial automation 

Industrial equipment & machinery 

finergy 

Consumer 

Other 



Early stage investment^ 


Later stage investment^ 


1984 


1985 


1986 


1984 


K55 


1986 














1 ,027.6 


684.4 


928.3 


1.389.8 


1.344.7 


1.292.5 


159.0 


110.6 


127.7 


217.0 


208.3 


242.8 


387.3 


224.0 


254.3 


680.4 


530.7 


428.8 


174.9 


110.1 


141.1 


151.1 


214.7 


169.2 


20.2 


18.8 


40.2 


42.6 


54.9 


76.8 


132.3 


102.1 


177.1 


108.5 


119.2 


122.8 


14.1 


14.5 


9.6 


5.9 


5.3 


1.2 


31.4 


23.0 


12.2 


42.7 


58.9 


35.0 


6.4 


0.9 


6.1 


21.5 


23.1 


14.4 


4.6 


6.8 


0.3 


20.4 


15.9 


14.1 


34.7 


30.5 


82.2 


67.0 


78.1 


116.5 


62.7 


43.1 


77.5 


32.7 


35.6 


70.9 






Distribution by industry 










Percent 
















100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


15.5 


16.2 


13.8 


15.6 


15.5 


18.8 


37.7 


32.7 


27.4 


49.0 


39.5 


33.2 


17.0 


16.1 


15.2 


10.9 


16.0 


13.1 


2.0 


2.7 


4.3 


3.1 


4.1 


5.9 


12.9 


14.9 


19.1 


7.8 


8.9 


9.5 


1.4 


2.1 


1.0 


0.4 


0.4 


0.1 


3,1 


3.4 


1.3 


3.1 


4.4 


2.7 


0.6 


0.1 


0.7 


1.5 


1.7 


1.1 


0.4 


1.0 


0.0 


1.5 


^.2 


1.1 


3.4 


4.5 


8.9 


4.8 


5.8 


9.0 


6.1 


6.3 


8.3 


2.4 


2.6 


5.5 



' Early-Stage investment includes capital to develop prototypes, begm production, and jniliale marketing Research and development partnerships to launch new 
businesses are included. 

^ Later-stage mveslmenl provides capital lor the expansion of lirms which are already producing and marl- ting products. It includes bridge financing for firms which are 
going public, as well as research and development partnerships which fund new product development by established firms. 
SOURCE: venture Economics. Inc.. special tabulations prepared for the National Science Foundation 
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Appendix table 6-16, Venture-backed initial public offerings by small firms: 
1984-86 

'"<^"stry 1984 1985 1986 

Millions of dollars 

477.6 344.9 1443.8 

Commercial communications, telephone & data 

communications 46.5 66.2 66.3 

Computers & computer related 257.9 131.7 376 j 

Electronic components & other electronics 61 .6 0.0 1 1 7.1 

Biotechnology 12.7 o!o 269*5 

Other medical/health 15.0 27.9 136 4 

Industrial automation 9,6 15.2 O O 

Industiial equipnient & machinery 8.0 34.2 23.5 

Consumer 60.3 54.4 185*5 

0*^®^ 6.0 15.3 269.5 

Distribution by industry 
Percent 

100.0 100.0 100.0 

Commercial communications, telephone & data 

communications 9.7 192 46 

Computers & computer related 54.0 38.2 26*0 

Electronic components & other electronics 12.9 0.0 8 1 

Biotechnology 2.6 0.0 i87 

Other medical/health 3.1 8.1 9 4 

Industrial automation 2.O 4.4 0 0 

Industrial equipment & machinery 1.7 9 9 ^ 'q 

Consumer 12.6 15.8 12 8 

Q^^Q^ 1.3 4.4 1 8.7 

SOURCE: Venture Economics. Inc , special tabulations prepared for the National Science Foundation 
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Appendix table 6-17. Number of smalP firms active in selected biotechnology product groups in 1986 



lis 11. ? I I i ft- I 

1 J i I I 11 i -^1 I 11 i i I i I? ^1 

3 .i3 = 3 g §3 5^ g'5) E ig 1 B 9 oco £o 



Number of firms ■ 



252 


28 


41 


9 


2 


67 


22 


68 


31 


32 


5 


9 


16 


7 


2 


1 


28 


28 


4 


0 


0 


3 


1 


6 


4 


0 


0 


0 


0 


0 


0 


0 


41 


4 


41 


2 


0 


6 


2 


3 


3 


4 


0 


2 


2 


1 


0 


0 


9 


0 


2 


9 


0 


0 


4 


0 


0 


1 


0 


1 


0 


0 


0 


0 


2 


0 


0 


0 


2 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


67 


3 


6 


0 


0 


67 


4 


8 


1 


3 


1 


1 


0 


2 


0 


0 


?2 


1 


2 


4 


0 


4 


22 


7 


3 


4 


0 


3 


0 


2 


0 


0 


68 


6 


3 


0 


0 


8 


7 


68 


11 


3 


0 


3 


1 


\ 


0 


1 


31 


4 


3 


0 


0 


1 


3 


11 


31 


1 


1 


3 


0 


0 


0 


0 


32 


0 


4 


1 


0 


3 


4 


3 


1 


32 


2 


2 


1 


2 


1 


0 


5 


0 


0 


0 


0 


1 


0 


0 


1 


2 


5 


0 


0 


0 


0 


0 


9 


0 


2 


1 


0 


1 


3 


3 


3 


2 


0 


9 


0 


1 


0 


0 


16 


0 


2 


0 


0 


0 


0 


1 


0 


1 


0 


0 


16 


0 


0 


0 


7 


0 


1 


0 


0 


2 


2 


1 


0 


2 


0 


1 


0 


7 


0 


0 


2 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


2 


0 


1 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 


0 


1 





Note: The table shows the number ot firms active m each product group, broken down by the other product groups jn which the firms are active It is thus a symmetric 
matrix, with the diagonal representing the total number ol firms in each product group 
' Firms with less than 1.000 employees 

SOURCE: Derived from the CorpTech data base. Corporate Technology Information Services. Inc . Wellesley Hills. MA 
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Appendix table 6-18. Small' firms active in 
selected biotechnology product groups in 1986, 
by type of ownership 

Publicly Privately 
Product groups Total held held 



Number of firms 



All biotechnology 


252 


58 


194 


Animal biotechnology 


28 


5 


23 


Cell cultures 


41 


8 


33 


Catalysts 


9 


2 


7 


Bioelectronics 


2 


0 


2 


Biotechnology equipment . 


67 


14 


53 


Enzymes 


22 


5 


17 


Genetic engineering 


68 


20 


48 


Immunology 


31 


12 


19 


Biomass/biochemica's 


32 


8 


24 


Biomaterials 


5 


0 


5 


Proteins 


9 


1 


8 


Plant biotechnology 


16 


4 


12 


Bioprocessing 


7 


1 




Biological testing 


2 


1 


- 


Other biotechnology 


1 


1 


0 






- Percent - 




All biotechnology 


100.0 


23.0 


77.0 


Animal biotechnology 


100.0 


17.9 


82.1 


Cell cultures 


100.0 


19.5 


80.5 


Catalysts . . 


100.0 


22.2 


77.8 


Bioelectronics 


100.0 


0.0 


100.0 


Biotechnology equipment . . 


100.0 


20.9 


79.1 


Enzymes 


lOC.O 


22// 


77.3 


Genetic engineering ....... 


100.0 


29.4 


70.6 


Immunology 


100.0 


38.7 


61,3 


Biomass/biochemicals 


100.0 


25.0 


75.0 


Biomaterials 


100.0 


0.0 


100.0 


Proteins 


100.0 


11.1 


88.9 


Plant biotechnology 


100.0 


25.0 


75.0 


Bioprocessing 


100.0 


14.3 


85.7 


Biological testing 


100.0 


50.0 


50.0 


Other biotechnology 


100.0 


100.0 


0.0 


Firms with fewer than 1.000 employees 



Note: Because many firms reported activity in more than one field, the sum 
of the individual fields is greater than the total number of firms reporting 
biotechnology activity 



SOURCE: Derived from the CorpTech data base. Corporate Technology 
Information Services, Inc . Wellesley Hills. MA 

See figure 6-9 Science & Engineering Indicators— 1987 
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Appendix table 6-19. Number of smalP firms active in biotechnology fields, by year of formation 



Pre- 

Biotechnology fields 1965 1965 1966 1 967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 19 81 1982 1 983 1 984 1985 
Number of firms 





32 


1 


1 


3 


3 


4 


3 


6 


11 


8 


7 


5 


11 


5 


10 


18 


13 


40 


25 


29 


10 


7 


Animal biotechnology . . 


3 


0 


0 


0 


0 


0 


0 


0 


2 


0 


2 


1 


1 


0 


1 


3 


3 


1 


1 


7 


2 


1 




7 


0 


0 


0 


2 


2 


0 


1 


1 


1 


1 


4 


2 


0 


1 


4 


2 


5 


2 


5 


1 


0 




0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


1 


0 


1 


2 


0 


1 


2 


1 


0 




1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0 


Biotechnology 
















































9 


1 


1 


2 


1 


1 


2 


4 


0 


5 


2 


1 


7 


1 


3 


3 


3 


3 


6 


7 


4 


1 




1 


0 


0 


0 


1 


0 


0 


0 


0 


0 


0 


0 


3 


2 


1 


1 


2 


5 


2 


3 


1 


0 


Genetic engineering . . . 


4 


0 


0 


0 


0 


0 


0 


0 


4 


1 


0 


0 


6 


1 


4 


3 


3 


16 


13 


9 


1 


5 


Immunology ... . . . 


3 


0 


0 


0 


0 


0 


1 


0 


2 


1 


0 


0 


1 


1 


1 


3 


2 


10 


1 


5 


0 


0 


Biomass/biochen^icais . . 


6 


0 


0 


0 


1 


2 


0 


1 


0 


0 


1 


1 


1 


0 


5 


0 


2 


5 


4 


3 


0 


0 




0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


4 


1 


0 


0 


0 




0 


0 


0 


0 


0 


1 


0 


0 


2 


0 


0 


0 


1 


3 


0 


0 


0 


1 


1 


0 


0 


0 


Plant biotechnology 


1 


0 


0 


1 


0 


0 


0 


0 


1 


1 


0 


0 


0 


1 


0 


2 


2 


4 


2 


1 


0 


0 




1 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


2 


0 


1 


0 


0 


2 


0 


0 


0 


0 




0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


Other biotechnology . . 


1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 



» f rms with less than 1,000 .employees 

Note. The tdbie shows ttie "umder ot firms ath o m each bioteotmulogy fieid in t98b, broken oown by (he year in which they were tormed Because many firms reported activity m more 
than one field. W ^ s« ut f^* Uie individual fields gen'^rally greater tfian tho total number of firms reporting biotechnology activity 
<>OURCc Oer if* m the Cciipfech data base. Corporate Technology Information Service.^. Inc . Wellesley Hills. MA 
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Appendix table 6-20. New products first marketed i n 1985, by size of firm 

Numb er of products per; 

Firm size, millions of Millions of dollars Millions of 

dollars in net sales of net sales dollars of R&D 

A"«r"^s 0.0076 0 254 

Less than 100... o.0892 pino 

100-350 0.0348 til. 

350-1.000 0.0186 o564 

1>000.4.000 0.0072 o239 

4,000 and more . o.OOII o!o37 

Note: Data based on sample of 620 firms 

SOunCEr National Science Foundation. Division of Science Resources Stud.es. Economic Analysis Studies 
Group, unpublished data ^^w^*.^^ 

Sec figure 0-30 in Ovotview. scionce & Engmeenng lnJ,caIors-)987 
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Appendix tabic 7-1. U.S. trade in hig h-technology' and other manufacturing proc5uct groups; 1970^86 

High technology Non«high technology U.S. manufactures 



Exports Imports Balance Exports Imp oris Balance Exports imports Balance 



1970' . 

I97r. 

1972" . 

1973' . 

1974 . 

1975 

1976 

1977 

1978 

19/9 

1980 

1981 

1982 

1983 

1984 

1985 

1986 



1970* . 

1971* 

1972^' , 

1973* 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 



■ Billions of constant 1982 ' dollars ■ 



24.5 


10.0 


14.5 


45.2 


54.2 


9.0 


697 


64.2 


5.5 


25; 


11.0 


14.6 


42.8 


61.7 


18.9 


68.5 


72.8 


-4.3 


25.6 


13.6 


12.0 


46,9 


72.5 


25.6 


72.5 


86.0 


13.6 


32.1 


15.9 


16.1 


58.1 


80.3 


22.2 


90,2 


96.3 


6.1 


39.8 


18.2 


21.7 


77.8 


92.1 


14.3 


117.7 


110.3 


7.4 


38.6 


le.o 


22.6 


81.1 


76.7 


4.4 


119.7 


92.7 


27.0 


40.6 


20.9 


19.7 


81.8 


89.4 


7.6 


122.4 


110.4 


12.1 


40.6 


22.7 


17.8 


78.6 


99.0 


20.4 


119.2 


1217 


2.5 


48.2 


28.1 


20.1 


82.6 


119.8 


37.2 


130.9 


147.9 


17.0 


55.4 


29.0 


26.4 


93.0 


122.2 


29.2 


148.4 


151.2 


2.8 


63.8 


32.7 


31.1 


117.9 


129.2 


11.3 


181.8 


IGl 9 


19.9 


64.3 


36.0 


28.3 


113.3 


130.4 


17.1 


177.6 


166.4 


11.2 


58.1 


34.5 


23.6 


93.2 


123.6 


30.4 


151.3 


158.1 


6.8 


57.9 


39.9 


18.1 


80.2 


132.0 


51.7 


138.2 


171.8 


-337 


60.7 


55.1 


5.6 


86.2 


169.0 


82.9 


146.9 


224.1 


-77.3 


61.4 


58.1 


3.3 


83.9 


183.5 


99.6 


145.2 


241.5 


96.3 


63.3 


65.5 


2.3 


84.9 


204.0 


iie.i 


148.2 


269.5 


121.4 




10.3 


4.2 


6.1 


19.0 


22.8 


3,8 


29.3 


27.0 


2.3 


11.4 


4.9 


6.5 


19,0 


27.4 


8.4 


30.4 


32.3 


1.9 


11.9 


6.3 


5.6 


21.8 


33.7 


11.9 


33.7 


40.0 


6.3 


15.9 


7.9 


8.0 


28.8 


39.8 


11.0 


44.7 


477 


3.0 


21.5 


9.8 


11.7 


42.0 


49,7 


7.7 


63.5 


59.5 


4.0 


22.9 


9.5 


13.4 


48.1 


45,5 


2.6 


71.0 


S5.0 


16.0 


25.6 


13.2 


12.4 


51.6 


56.4 


4.8 


77.2 


69.6 


7.6 


27.3 


15.3 


12.0 


52.9 


66.6 


13.7 


80.2 


81.9 


17 


34.8 


20.3 


14.5 


59.7 


86.5 


26.8 


94.5 


106,8 


12.3 


43.5 


22.8 


20.8 


73.1 


96.0 


23.0 


116.6 


118,8 


2.2 


54.7 


28.0 


26.7 


101.1 


110.8 


9.7 


155.8 


138.8 


17.0 


60.4 


33.8 


26.6 


106.5 


122.5 


16.1 


166.8 


156.4 


10.5 


58.1 


34.5 


23.6 


93,2 


123.6 


30.4 


151.3 


158.1 


6.8 


60.2 


41.4 


18.8 


83.3 


137.1 


53.7 


143.5 


178.5 


35.0 


65.5 


59.5 


6.0 


92.9 


182.3 


89.4 


158.4 


241.8 


83.3 


68.4 


64.8 


3.6 


93.5 


204.6 


111.0 


162.0 


269.4 


107.4 


72.5 


75.1 


2.6 


97.3 


233,8 


136.5 


169.8 


308,9 


139,1 



• U S DepailmenI ol Commetce DOC-3 delimuons 

■" Converted 10 constant dollars using the GNP implicit ptice dollaiot 

^ Estimated 

SOURCE' U S Department ot Commerce, international Trade AominiMialion. 0 S Tude Perfumid/ii-a -n 1985 .m J Outlook lOctooer. 1986). and U S Department of 
Commerce, unpublished data 

See figure 0-26 in Overview Science S Engineering lrKJicaiors-1987 
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Appendix tabic 7-2. U.S. exports as a percentage of shipments, high-technology and other manufactured products: 

1978-1985 

ProduCI groups 



All nvinutdclurcd products 
AH hi9h'(cchrK>k>gy procucis 
Guided missilcs and 

spacccrati 
CommunicatK>ns equipment 

& electronic components 
AircMlt and parts 
Oftice and con)puiir)9 

machines 
Ordnance and accessories 
Drugs and mcdianc 
Industrial inorganic 

Oiemicais 
Prolesstonal and scientific 

instruments 
Engines, turbines, and 

parts 
Plastic materi^fs. 

syi>the»»c? 
Oth*>r ma«*<ifat^ufing products 



All manufactured products 
All high technology products' 
Guided missilos and 

spacecraft 
Communications equipment 

A eloUronic components 
Aircraft and parts 
Office and computing 

mach:nes 
Ordnance aruJ accessones 
Drugs and mcdiCine 
Industrial inorganic 

ClicmicalS 
Professional and scientific 

instruments 
Engines, turtrtnes, and 

parts 
Plastic materials. 

synthetics 
Oilier manufacturing products 



Atl nwnufactufcd products 
Ail high'technology products' 
Guided missiles and 

spacecraft 
Communcations equipment 

& electronic components 
Aircraft and pans 
OfftCQ and computing 

machines 
Ordnance and accessories 
Drugs and modicinu 
Industrial inorganic 

chemicals 
Professional and scientific 

instrurTiOnts 
Engines, turt^nes. and 

parts 
Plastic materials 

synthetics 
Other manufacturing 

products^ 



1978 


1979 


1980 


1981 


198^ 


1983 


I9t}4 


1965 







Exports as a percent of shipmo^ < 


1 








62 
18 1 


68 
19 7 


84 
205 


— — — ruiguni 

83 79 
204 18 7 


70 
16 5 


70 
172 


69 
173 


84 


69 


75 


4 7 


85 


66 


55 


4 7 


14 0 

3b 3 


170 
31 6 


153 
336 


15 1 

35 8 


14 2 
30 3 


11 4 
24 2 


159 
256 


120 
27 9 


2^ 1 
21 5 
12 2 


25 7 
23 9 
104 


28 3 
207 
112 


27 7 
189 
11.2 


25 2 
180 
102 


21 3 

22 7 
10 2 


32 1 
195 
99 


27 6 
150 
92 


160 


18 1 


16 6 


19 1 


1S»*3 


9 1 


208 


20 0 


163 


176 


18 1 


179 


16 5 


158 


153 


14.8 


199 


22 9 


27 4 


26 1 


28 3 


203 


260 


21 4 


9 7 
45 


13 8 
48 


162 
6 4 


14 6 
62 




11 9 
50 


2 
49 


12 5 

4.8 


— - - 







Exports 










94.500 
34.037 


116.600 
43.623 


155.800 
54.710 


— - Millions of dollars — - — 
166.849 151.264 
0030\ 58.111 


K3.495 
60.158 


158.449 
65.510 


161.974 
68.426 


635 


603 


749 


657 


1.133 


994 


962 


627 


6.759 
9.221 


8 327 
11.013 


10349 
14 658 


1 1>392 
16,685 


11.603 
14.131 


12.363 
14.637 


14.425 
13.540 


13.472 
17.535 


4,888 
539 
1.492 


6374 
670 
1.652 


6.650 
647 
1 983 


9.810 
676 

2.220 


10.140 
716 
2.329 


117t9 
907 
2.56^1 


14.699 
645 
2.672 


15.421 
714 
2.724 


1999 


2.575 


2.092 


3.111 


3.017 


3.070 


3.543 


3.335 


4.603 


5,521 


6.490 


7070 


7.005 


6.867 


7.198 


7 J 34 


2.362 


2.935 


3603 


3.831 


3.601 


3.016 


3.234 


3 J 27 


2.279 

59,663 


3 853 
73.077 


4.789 
101.098 


tOO.458 


4,228 
93J53 


4,021 
83.337 


4.392 
92.939 


4.137 
93.548 






Value 0' product stupmems 








1.522.900 
19<\»<78 


1 72r>200 
220.373 


1,052.700 
266.409 


— iwjuKjns 01 ooiiars ■ > 
2.017.500 1^900.300 2 
296.639 310 179 


045.300 
364.930 


2.274.900 
380.109 


2.34 h200 
395.818 


7.535 


8 601 


9.974 


11795 


l3/j9 


I6j64 


17.354 


1 7.74 1 



48.338 
26.094 

19.504 
2 505 
1^.277 

12,512 

28.560 

11.888 

23.467 

1.330.222 



46,820 
34.862 

24,767 
2.809 
15.866 

14.257 

31.359 

12.835 

27.997 

1.506 827 



67.448 
43.322 

30 619 
3.119 
17 772 

15.570 

35.865 

13 156 

29.564 

1.586.291 



75.264 
47 173 

35..174 
3.570 
19.877 

16295 

39.490 

14,696 

33.004 

1.720.851 



83.373 
46 665 

40.206 
3.970 
22.840 

\S,W 

42.404 

12.635 

^.092 

1.598.121 



90.936 
60.407 

45.763 
4.001 
25.017 

33.807 

43.561 

i 2.449 

33.824 

1, 680370 



108.359 
52.847 

55j2l 
4.335 
26.877 

17.066 

47.196 

14,862 

36.092 

1.894.791 



112.41/ 
62.884 

55.847 
4.747 
29.532 

16.705 

48.313 

14.625 

33.002 

1.945.382 



*US Dcparimef« of C<wm«fce DOC'3 d^'iftiKin 

ii^^lfTTila M ^^^^ . W^tu/ois osod Stents of Otner M^nu'^iu^tti Products .s caiciAiied as tno d.ffereflco 

berM>«ft th« as M^oofaciufcs loiat and tt»e total sn^pnvjrtis d aa ^9^.t^^uyA)g/ products -^m^ ^ » inc uujcrcnc*. 

SOURCES US Depaftm«rwo!Co.iunerce l<4«rrut<^i Tra<3e Adm^tvu<t US T,^<Je Pa^c^matKe Out\x>K iOciOtHit mc^ US D'Mftaieaiof 

BufWoofif^eCertsui Arv^j Sor^V ol MurKiUtu^ iXu6 ^ Product Shipments mUASl 2f Jonuaiy 1987 and 

Soo tigu/e 0 27 »n Ovt»fVtOW . , 

Science & Engmoeri^g Indicarof $ - 1987 
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Appendix table 7-3. U.S. direct investment position abroad in manufacturing in selected nations and product groups: 1966-86 



1966 1967 



1969 



1970 



1971 



1972 



1973 



1974 



1975 



1976 



1077 



1978 



1979 



1980 



19S1 



1983 



1985 



1986 



ERIC 



-Mtlitonsot constant 198<; doliars' 



Total manufacturing 
To'al maior countries 
Canada 
France 

West Germany 
United Kingdom 

Japan 

Other countries , 



S59 325 
38,733 
19 156 
3324 
5.000 
10 206 
1.047 
20.592 



S63.147 
40 256 
19 641 
3 506 
5 442 
10 437 
1.230 
23.191 



S66.68'l 
41 540 
19.971 
3 453 
5 696 
1 1.023 
1.397 
25.144 



S71.222 
44.208 
21 126 
3 680 
6.488 
11.292 
1.621 
27.014 



S73 873 
45.527 
21 344 
4,311 
6 365 
11.680 
1.827 
28 316 



$77 420 S82'137 SSy.'^t.-l S94.833 S94 227 S96 973 S92.180 S9&4&8 S10O089 $10-1014 S98 325 S83.452 S79 826 S 79 593 S85 280 S93685 

47 596 50619 54 804 56.677 55 598 57 227 54.321 56.198 57 649 53.710 55 033 45.994 45.527 44 892 49.386 5-1.724 

21 415 22 566 23 728 24 926 24 770 25.313 21.990 21 789 22 136 22.022 21.086 18 825 18 495 19 453 l959l 20.756 

4 748 5 251 5.941 6 353 6.I8I 6 337 6 257 6.475 6.527 6 902 5 874 4.3i8 3 868 3 704 4 612 5 749 

7.001 7.823 8 966 8 921 8 983 <0 633 10.797 11.559 10,914 11.266 10.695 9 089 8 880 8 213 9 607 11.3 3 

12.228 12.431 13345 13 660 12J38 12.263 12351 13.131 14.541 i0 054 13.935 10.704 10 5m 9 741 11..157 12.222 

2 204 2.549 2.824 2 817 2.625 2.681 2.925 3 244 3 532 3.467 3,444 3 058 3.769 3.778 4.119 4 634 

29.824 31.818 34,760 38.156 38 o29 39,746 37 860 40.^70 42.440 50304 43 2<>2 37.458 34 299 34.701 35894 38 961 



Total cliem«:;al products 


10 984 


12.635 


13.432 


13 924 


13 954 


14 689 


15601 


16 986 


18 851 


18,727 


19317 


17.634 


19.370 


21.100 


22.035 


21.473 


182 4 


18.090 


17 798 


18268 


20.134 


Total mdjor countries 


5947 


6 322 


6.494 


6 604 


6 652 


7 174 


7.554 


8.359 


8 953 


8 855 


9063 


8 077 


8 999 


10.130 


10 254 


9 951 


8 636 


9 026 


8 748 


9 214 


10,190 


Canada 


3026 


3.189 


3 239 


3 260 


3.141 


3 274 


3.405 


3 567 


3.797 


3 824 


3 904 


3343 


3 568 


3.775 


3 969 


3 958 


4.178 


4,3""" 


4 428 


4 347 


4,474 


France 


469 


598 


599 


669 


711 


744 


839 


9M 


1.006 


998 


1.012 


1.02<» 


1.045 


1.170 


1.224 


1.109 


797 


71 7 


638 


712 


1.036 


West Germany 


512 


556 


633 


651 


702 


840 


914 


1.167 


1.281 


1.298 


1.451 


1.280 


1.609 


1.774 


1.750 


1.738 


1 092 


1.095 


891 


1.014 


1,248 


United Kingdom 


1.691 


1.692 


1.675 


1.619 


1.670 


1.845 


1.871 


2.103 


2.263 


2.128 


2,104 


1.735 


2.023 


2.558 


2.495 


2 330 


1.79 1 


1.731 


1.669 


1.959 


2.033 


Japan 


249 


287 


347 


405 


428 


471 


525 


608 


606 


607 


593 


691 


753 


853 


8l7 


816 


778 


1.105 


1.123 


'.181 


1.429 


Other countries . 


5.037 


6.313 


6 939 


7.320 


7.302 


7.515 


8047 


8 627 


9 898 


9 872 


1('.254 


9 557 


10.371 


10.970 


1 1 .780 


1 1.522 


9.638 


9 064 


9 050 


C.054 


9.943 


Total mactnncry , 


14.396 


15.178 


15 865 


1 7.627 


18 658 


20.122 


21.716 


23 841 


25930 


26 294 


2* .098 


16681 


18010 


26 631 


27.264 


25812 


21.132 


20 818 


21.328 


24.726 


26.819 


Total major countries 


10 255 


10.746 


NA 


NA 


NA 


13.659 


14 668 


15 662 


16.481 


16.439 


16.S67 


11.785 


12.681 


16.331 


16616 


l53l4 


1 1 .925 


12.012 


12.325 


14,5l8 


15.765 


Canada 


3 847 


3 962 


3 997 


4.382 


4.218 


4.261 


4 541 


4 693 


4.970 


5,129 


5.147 


2.307 


2.390 


3.686 


3.688 


3 852 


3.302 


3 535 


3 787 


3.645 


3 684 


France 


1.267 


1.233 


1.209 


1.264 


1.475 


1,676 


1.794 


2 041 


2.213 


2.386 


2.228 


2.347 


2.541 


2.809 


3.045 


2.560 


1.716 


1.451 


1.447 


2.178 


2.687 


West Germany 


1.505 


1.622 


2 364 


2.278 


2.315 


2.641 


2.986 


3 397 


3 612 


3 542 


3.862 


2.933 


3 223 


4.079 


3.955 


3.403 


3.009 


3.054 


2.945 


3,762 


4 282 


United Kingdom 


3.00 1 


3.189 


3.173 


3.550 


3.783 


3 930 


3986 


4.053 


4.249 


4.055 


3.964 


2.933 


3 038 


4,1 72 


4.362 


3 996 


2.552 


2.449 


2 524 


3.143 


3 279 


Japan . 


635 


740 


NA 


NA 


NA 


1.151 


1.362 


1.478 


1.436 


1.327 


1.367 


1.266 


1.489 


1.585 


1.567 


1.504 


1.346 


1.523 


1.622 


1.790 


1.832 


Other countries 


4 142 


4 432 


NA 


NA 


NA 


6 462 


7.049 


8,179 


9.450 


9 855 


10 531 


4.896 


5.330 


lO 300 


10 649 


10.498 


9.207 


8.806 


9 004 


1 0.208 


11.054 


































































Millions ol dollars - 




















Total manufacturing 


S20.740 


S22.803 


S25 160 


S28 332 


S31.049 


S34.359 


S38325 


S44 370 


S51.172 


S55 886 


Sbl.161 


^^^2 019 


S69 669 


S78 640 


589,161 


S92 385 


S83.452 


S82.907 


S85 865 


S95.101 


S107.241 


Total major countries 


13 541 


14.468 


15.673 


17.586 


19.135 


21.123 


23Ji33 


27.150 


30583 


32.975 


36 093 


36 547 


40 586 


45.295 


46.040 


51.709 


45.994 


47.284 


48.430 


55.075 


62.642 


Canada . 


6 697 


7.059 


7.535 


8.404 


8.971 


9 504 


10.491 


11.755 


13.450 


14.691 


15.965 


14.795 


15.736 


17.392 


18.877 


19 812 


18 825 


19 209 


20986 


21.848 


23.759 


France . . 


1.162 


1.260 


1.303 


1.464 


1.812 


2.107 


2.441 


2.943 


3.428 


3 844 


3 997 


4 210 


4.676 


5.128 


5916 


5.519 


4.318 


4017 


3.996 


5.143 


6.581 


West Germany 


1.748 


1.956 


2.149 


2.581 


2.675 


3 107 


3637 


4.'142 


4.814 


5.328 


6,706 


7.264 


8348 


8 576 


9.657 


10.049 


9.089 


9.223 


8860 


10.714 


13007 


United Kingdom 


3.568 


3.751 


4.159 


4.492 


4 909 


5.427 


5.779 


6611 


7371 


7.555 


7.734 


8310 


9.483 


11.425 


8618 


13 093 


10.704 


10 920 


10512 


12.777 


13990 


Japan . . 


366 


442 


527 


645 


768 


978 


1.185 


1 399 


1.520 


1.557 


1.691 


1.968 


2.343 


2,775 


2.972 


t '>36 


3 058 


3915 


4,076 


4.593 


5 305 


Other countries 


7.199 


8.335 


9.487 


10.746 


11.914 


13 236 


14.792 


17 220 


20 589 


22.911 


25 068 


25.472 


29.083 


33 345 


43.121 


40 b77 


37,458 


35 623 


37.435 


40 029 


41.599 


Total chemical products 


3 840 


4.541 


5 068 


5 539 


5 865 


6 519 


7 253 


8415 


10.172 


11.107 


I2.1ft3 


11.864 


13 989 


16 578 


I8.8b3 


20,176 


18 274 


18.788 


19 200 


20372 


23.047 


Total major countries 


2 079 


2.272 


2.450 


2.627 


2.796 


3.184 


3512 


4.141 


4 831 


5 252 


5.716 


5.434 


6.499 


7.959 


8 790 


9.350 


8 636 


9 374 


9.437 


10 275 


11.665 


Canada 


1.058 


1.146 


1.222 


1.297 


1.320 


1.453 


1.583 


1.767 


2.049 


2.268 


2.462 


2.249 


2.577 


2.966 


3.402 


3.719 


4.178 


4.5-16 


4.777 


4 848 


5.121 


France 


164 


215 


226 


266 


299 


330 


390 


453 


543 


592 


638 


692 


755 


919 


1.049 


1.042 


797 


745 


688 


704 


1.152 


West Germany 


179 


200 


239 


259 


295 


373 


425 


578 


691 


770 


915 


861 


M62 


1.394 


1.500 


1.633 


1.092 


1.137 


961 


1.131 


1.429 


Uniled Kingdom 


591 


G08 


632 


644 


702 


819 


870 


1.042 


1.221 


1 262 


1 327 


1.167 


1.461 


2.010 


2.139 


2,189 


1.791 


1,798 


1.800 


2.185 


2.327 


Japan 


87 


103 


131 


161 


180 


209 


244 


301 


327 


360 


374 


465 


544 


670 


700 


767 


778 


1,148 


1.211 


1 317 


1.636 


Other countries 


1.761 


2.269 


2.618 


2.912 


3.069 


3 335 


3 741 


4 274 


5.341 


5 855 


6.467 


6 430 


7.490 


8 619 


10098 


10 826 


9 638 


9 414 


9.763 


10 097 


1 1.382 


Total machinery . 


5.033 


5.455 


5 986 


7.012 


7.842 


8930 


10.096 


11 811 


13 992 


15 595 


17.091 


11.223 


13 007 


20.924 


23 371 


24.253 


21 132 


21,622 


23 009 


27.574 


30,700 


Total major countries 


3.585 


3.862 


NA 


NA 


NA 


6062 


6819 


7.759 


8 893 


9.750 


10,449 


7.929 


9.158 


12.831 


14.243 


14 389 


11.925 


12.476 


13 296 


16.190 


18 046 


Canada . . 


1.345 


1.424 


1.508 


1.743 


1 773 


1.891 


2 111 


2325 


2.682 


3 042 


3.246 


1 552 


1,726 


2.896 


3,161 


3619 


3 302 


3 67* 


4 085 


4.065 


4.217 


France 


443 


443 


456 


503 


620 


744 


834 


i.on 


1 194 


1 415 


\405 


1 579 


1.835 


2.207 


2.610 


^.405 


1J16 


1.50/ 


1 561 


2.429 


3.076 


West Germany 


526 


583 


892 


906 


973 


1 172 


1388 


1.683 


1 949 


2.101 


2.436 


1.973 


2.328 


3 205 


3 390 


3.197 


3 009 


3 172 


3.177 


4.195 


4.902 


United Kingdom 


1.049 


1 146 


1.197 


1.412 


1 590 


1.744 


1.853 


2.008 


2.293 


2 405 


2.500 


1 973 


2.194 


3.278 


3.739 


3,755 


2.552 


2 544 


2.723 


3 505 


3,764 


Japan . 


222 


266 


NA 


NA 


NA 


511 


633 


732 


775 


787 


862 


852 


1.075 


1.245 


1.343 


1 413 


1.346 


1 582 


1.750 


1996 


2.097 


Other countries 


1.448 


1.593 


NA 


NA 


NA 


2 868 


3 277 


4.052 


5.099 


5 845 


6 642 


3 294 


r..849 


8 093 


9.128 


9.864 


9 207 


9 146 


9,713 


11 384 


12.654 
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Note: Certain data are withheld by the U.S. Commerce Department to avoid disclosure ol data for individual companies 
» GNP implicit price deflators used to convert current dollars to constant 1982 dollars 

SOURCES , U.S Department ot Commerce. Bureau oi Economiu Analysis. Se/ec(erf Da/a on l/,S. D/reu( investment Abioad. 19bt>- 7Q { 1 980). U S Department o( commerce. Bureau of 
ness (February 1981 >. pp,50-51 . U.S Department of Commejce, Bureau ot Economic Analysis. Survey ot Current Busmess iannudi, August issues). U.S. Department of Commerce, 
statistics 

See figures 7*1 . 7-2. Science & engineering Indicators— 1987 
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Appendix table 7-4. 



Industry of affiliates 



Operations of overseas affiliates of U.S. corporations, selected high-technology 
manufacturing and service industries: 1984 



Affiliate 
sales 



All manufacturing industries . 
High technology 
manufacturing industries* 
Radio, television and 

communications 

equipment 

Electronic components & 

accessories 

Office & computing 

machines 

Drugs & medicines 

industrial chemicals & 

synthetics 

Instruments & related 

products 

Engines & turbines . . 

Other manufacturing 
industries 

All service industries 

Computer & data 

processing services 

R&D and testing 

laboratories 

Engineering, architectural. 

and surveying services . 
Other service industries . . . 



All manufacturing industries . . 
High technology 
manufacturing industries* 
Radio, television and 

communications 

equipment 

Electronic components & 

accessories 

Office & computing 

machines 

Drugs & medicines 

Industrial chemicals & 

synthetics 

Instruments & related 

products 

Engines & turbines 

Other manufacturing 
industries 



^^PO^^s Total foreign 

shipped Net Total operations: 

Affiliate to affiliate U.S. exports + net Total 

profits affiliates sales' exports^' affiliate sales Shipments^ 

f^illions of dollars 



Total revenues: 
domestic ship- 
ments i net 
affiliate sales 



369,333 
117.009 



1 6.387 47.260 322,073 1 58.449 480.522 
7.743 1 5,968 1 01 .04 1 50 J 63 151 .204 



2.253,847 
378.135 



2.575.920 
479,176 



8.814 


376 


1.174 


7,640 


7.762 


15,402 


67,012 


74.652 


13,600 


967 


3.977 


9,623 


6.663 




47.983 


57,606 


30,914 

1/1/1 TT 

14,4/ / 


2.870 
1.200 


4,476 
1.238 


26,438 
13.239 


14.699 
2,672 


41,137 
15,911 


59.715 
28.967 


86.153 
42,206 


34.218 


1,717 


2.504 


31,714 


7.935 




99,5 1 8 


131.232 


12.759 
2,227 


617 
(4) 


2,317 
282 


10.442 
1,945 


7.198 
3.234 


5.179 


59.447 
15,494 


69,889 
17,439 


252,324 


8.644 


31.292 


221,032 


108,286 


o^^,o 1 o 


1.875.71 2 


2.096.744 


19.888 


1.350 


161 


19.727 


70.950 


90.677 


3.457,300 


3,477,027 


1.105 


28 


47 


1.058 


3.500 


4.558 


40.542 


41.600 


282 


14 


NA 


NA 


NA 


NA 


NA 


NA 


3,029 
15,472 


155 
1.153 


3 
NA 


3.026 
NA 


1,200 
NA 


4,226 
NA 


40,200 
NA 


43,226 
NA 


100.0 


100.0 


100.0 


100.0 


— Percent 
100.0 


100.0 


roo.o 


100 


31.7 


47.3 


33.8 


31.4 


31.7 


31.5 


16.8 


19 


2.4 


2.3 


2.5 


2.4 


4.9 


3.2 


3.0 


3 


3.7 


5.9 


8.4 


3.0 


4.2 


3.4 


2.1 


2 


8.4 
3.9 


17.5 
7.3 


9.5 

2.6 


8.2 
4.1 


9.3 
1.7 


8.6 
3.3 


2.6 
1.3 


3 
2 


9.3 


10.5 


5.3 


9.8 


5.0 


8.3 


4.4 


5 


3.5 
0.6 


3.8 
0.0 


4.9 
0.6 


3,2 
0.6 


4.5 
2.0 


3.7 
1.1 


2.6 
0.7 


3 
1 


68.3 


52.7 


66.2 


68.6 


68.3 


68.5 


83,2 


81 
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Appendix table 7-4. (Continued) 







Net affiliate 


Foreign 




iNcl CllnllCIlt; OQICO 


sales as a 


operations as 






nprcpnt of 


a percent of 


inuusiry oi diiiiidiso 


foreign operations 


total revenues 


total revenues 






- Percent 




AH msiniifn^tiirinn inHii^triP^ 
r\ii iiidiiuiciuiunM^ iMuuoi'ico • > ■ 


67.0 


12,5 


18.7 


High technology 




21.1 


31.6 


manufacturing industries* . 


66.8 


Radio, television and 








communications 










49.6 


10.2 


20.6 


Electronic components & 










59.1 


16.7 


28.3 


Office & computing 






47.7 




64.3 


30.7 




83.2 


OI.4 


OI .1 


Industrial chemicals & 










80.0 


24.2 




Instruments & related 










59.2 


14.9 


25.2 




37.6 


11.2 


29.7 


Other manufacturing 




10.5 






67.1 


15.7 




21.8 


0.6 


2.6 


Computer & data 






11.0 


processing services — 


23.2 


2.5 


R&D and testing 




NA 


NA 




NA 


Engineering, architectural, 




7.0 


9.8 


and surveying services . 


71.6 


Other service industries . . . 


NA 


NA 


NA 



« Affiliate sates less U.S. exports shipped to affilrates. 

2 Manufacturing exports are broken do-wn by SIC product groups. Radio, television, and commu nications 
equipment and Electronic components & accessories are estimated by dividing v. ' exports of com- 
munications equipment & electronic components according to the distnbution of affiliate sales in the two 
industries. Service exports are t' midrange of the OTA estimates. 

3 Shipments of services are the G.« estimates for Domestic Industry. 

SOURCES: U.S. Department of Commerce, Bureau of Economic Analysis. U.S. Direct Investment 
Abroad: Operations of U.S. Parent Contpanies and their Foreign Affiliates, 1986). Tables 2. 17; U.S. 
Department of Commerce. International Trade Administration. United States Trade Performa- :e in 1985 
and Outlook (October. 1986): U S. Department of Commerce. Bureau of the Census. Annual Survey of 
Manufactures: Statistics for Industry Group- and Industries, M84(AS)-1 (July 1986); U.S. Congress 
Office of Technology Assessment, Trade in Services: Exports and Foreign Revenues-Special Repcrt, 
OTA-lTE-316 (September. 1986) 

See iigures 7-3. 7-4. Science & Engineering Indicators— 1987 
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Appendix table 7-5. Foreign direct investment position in the United States in manufacturing, by nationality of 
parent company, in selec ted industries: 1979-86 

. 1979 1980 1981 1 982 1983 1984 1985 1986 

SS":::::::::::: Z till ::S I'l:? e^S 



wemenanas 4453 ma qclqq oon^ .^^^r- "'^^^ 

r.^'r-::::::::-: ^-JIJ I i i I-" 

fsr^^— i li - i - 

^*«- »- 3.731 3.614 3 798 nt^"? i qq>i 

Other countries 7715 91 ftpq onQc v, r^no Z ^'"^^ ^♦^^^ 

^'^^^ 21.829 3.035 4.008 4.247 4.073 4.668 5 862 

Total chemical products 9.O12 12,178 14.582 14.377 i5,l80 15 438 16 943 po'i^ft 

Total major coun r es 546O ma loVo-? l^X ib.94j 20.158 

Canada ,29 m ml S 'l^ ^'■2'" ^^•''^S 

SL-^:::::::::::: : J ? £ £ 

Netherlands i ip'i ma ooh o oo^ ' . ' ^ ''^^S'' 



si...nd : S "1 ,1= .S 2"' 253 



3.553 '-^ '-^s '-s '-s^ '-s 

s-;::::::: S ^-^ ?■» 3.9,7 B.3.e s.797 

^r.:::::::::;:::::::: - - S 1:1' 

rsr.::::::::::- S ;S .S ^ S 

rr':^-™ i ' - is 

i=-^„ e;;;;; i i i s - 

..r^; .,"7; ,0-^^ 

Note: Certain data are withheld by the U.S Con,n,erce Dppartn,ent to avoid disclosure of data for individual con,panies 
■ GNP implicit price deflators used to convert current dollars to constant 1982 dollars 

0,,ec.« ,oee-rSasm. us Department 0, 
Svfvey 01 Omen, Business (annual. August issues) ^ " ^ Department of Commerce. Bureau of Economic Analysis. 
See figure 7-5. 
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Appendix table 7-6. Foreign direct Invest ment position in the U.S., high-technology industries: 1980-86 

Industries 1980 1981 1982 1983 1984 1985 1986 

Millions ol 1982 dollars' 

All manulacturing industries 38.510 43.139 44.065 45.894 48.018 53.429 59.673 

High-technology industries^ 13.419 16.469 16.830 17.850 18.208 19.463 22.756 

Radio television, and communications equipment 1.288 1.668 1.744 1.736 1.838 1.766 c 850 

Electronic components &accesories 1.776 2.029 2.199 2.269 2.541 1.948 819 

OHice and computing machines 517 576 605 730 1.057 919 864 

Drugs and medicine 1.777 1.681 1.796 2.053 2.127 2.177 2.922 

Industrial chemicals and synthetics 7.290 9.811 9.607 10.112 9.855 11.5 7 13.378 

Instruments and related products 685 624 705 855 673 941 1.5.46 

Engines and turbines 87 82 94 95 117 195 378 

Other manulacturing industries 25.091 26.670 27.235 28.044 29.810 33.966 36.917 

All service ...dustries 1.270 1.415 1.899 2.005 2.298 2.639 5.250 

Computers data processing services 62 64 77 126 224 230 301 

R&D and testing laboratories 64 61 63 72 70 74 83 

Engineering, architectural & surveying services 150 152 155 117 157 179 7^^ 

Other service industries 994 1.139 1.604 1.690 1.846 2.155 4.145 

Millions of dollars • 

All manufacturing industries 33.011 40.533 44.065 47.665 51.802 59.584 68.057 

High-technology industries' 11-503 15.474 16.830 18.539 19.643 21.705 25.953 

Radio, television, and communications equipment 1.104 1.567 1.744 1.803 1.983 1.969 3.250 

Electronic components &accesories 1.522 1.906 2.199 2.3'- 2.741 2.172 934 

Office and computing machines 443 541 685 7,8 1.140 1.025 985 

Drugs and medLe 1.523 1.57S 1.796 2.132 2.295 2.428 3.332 

Industrial Chemicals and symhetlcs 6.249 9.218 9.607 10.502 10.632 12.844 15.258 

Instruments and related products 587 586 705 888 726 1.049 1.763 

Engines and turbines 75 77 94 99 126 218 431 

Other manulacturing industries 21.508 25.059 27.235 29.126 32.159 S7.879 42.104 

All service industries 1.089 1.330 1.899 2.082 2.479 2.943 5.988 

Computer & data processing services 53 60 77 131 242 <ib7 J4J 

R&D and testing laboratories - 55 57 63 75 76 83 95 

Engineering, architectural & surveying services 129 143 155 121 169 200 823 

Other service industries 852 1.070 1.604 1.755 1.992 2.403 4.727 

« GNP implicit price deflators used to convert current dollars to constant 1982 dollars 
^ U a Department of Commerce DOC-3 definitions. 

SOURCE: U S. Department ot Commerce. Bureau ol Economic Analysts. Foreign Direct Investment m the United States. Detail for Position and Balance of Payments 
Flows'". Survey of '.urrent Busmess (annual. August issues) 

^ , Science & Engineering Indicators— 1987 
See figure J-o. 
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Appendix table 7^7. U.S. receipts and payments of royalties and fees associated with unaffiliated foreign residents- 

1972-85 



Years 



All 
countries 



Canada 



West 
Germany 



France 



United 
Kingdom 



Other 
Europe 



Japan 



Other 
countries 



Receipts: 
1972 .. 
1973 
1974 
1975 
1976 

1977 .. 

1978 .., 

1979 .. 

1980 ... 

1981 ... 
198 

1983 ... 

1984 ... 

1985 ... 

Payments: 

1972 ... 

1973 ... 

1974 ... 

1975 ... 

1976 ... 

1977 ... 

1978 ... 

1979 ... 

1980 ... 

1981 ... 

1982 ... 

1983 ... 

1984 ... 

1985 ... 



■ Millions of dollars • 



$655 
712 
751 
757 
822 
1,037 
1.180 
1.204 
1.305 
1.490 
1,669 
1.625 
1,619 
1.700 

139 
176 
186 
186 
189 
262 
277 
309 
297 
289 
292 
315 
362 
380 



$38 
32 
38 
38 
45 
42 
61 
43 
68 
69 
71 
75 
82 
86 

6 
6 
7 
9 
9 
8 

10 

16 

18 

13 

10 

10 

11 

12 



$56 
63 
78 
81 

83 
92 
119 
109 
145 
101 
105 
133 
118 
124 

29 
37 
34 
32 
34 
31 
27 
40 
61 
43 
35 
35 
58 
65 



$42 


$63 


$150 


$240 


$66 


43 


75 


121 


273 


105 


46 


71 


137 


249 


132 


47 


79 


151 


219 


142 


57 


72 


157 


246 


162 


48 


82 


210 


275 


288 


47 


93 


206 


343 


311 


54 


102 


224 


343 


329 


144 


113 


120 


403 


312 


133 


119 


277 


423 


368 


119 


122 


266 


502 


484 


135 


133 


245 


523 


381 


103 


132 


274 


549 


361 


108 


138 


288 


576 


380 



13 
16 
14 
15 
14 
14 
16 
17 
31 
30 
22 
29 
35 
37 



44 
53 
67 
76 
77 
72 
84 
93 
96 
99 
94 
90 
85 
89 



35 
41 
43 
40 
35 
38 
47 
51 
55 
52 
56 
77 
88 
88 



6 
13 
12 

9 
13 
16 
15 
15 
20 
37 
31 
53 
63 
66 



6 
10 
9 
5 
7 
83 
78 
77 
16 
15 
44 
21 
22 
23 



(continued) 
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Appendix table 7-7. (Con tinued) 

All West United Other Other 

Years countries Canada G ermany France Kingdom Europe Japan countries 

' Millions of dollars — 

Millions of constant 1982 dollars' 



tieceipis: 
1972 


S1/09 


S82 


$120 


$90 


$136 


$323 


$516 


$142 


1973 


1.437 


65 


127 


87 


151 


244 


551 


212 


1974 


1.392 


70 


145 


85 


132 


254 


461 


245 


1975 


1.276 


64 


137 


79 


133 


255 


369 


239 


1976 


K303 


71 


132 


90 


114 


249 


390 


257 


1977 


1.541 


62 


137 


71 


122 


312 


409 


428 


1978 


1.634 


84 


165 


65 


129 


285 


475 


431 


1979 


1,532 


55 


139 


69 


130 


285 


437 


419 


1980 


1,522 


79 


169 


168 


132 


140 


470 


364 


1981 


1.586 


73 


107 


142 


127 


295 


450 


392 


1982 


1,669 


71 


105 


119 


122 


266 


502 


484 


1983 


1,565 


72 


128 


130 


128 


236 


504 


367 


1984 


1.501 


76 


109 


95 


122 


254 


509 


33b 


1985 


1.524 


77 


111 
111 


Q7 


1 OA. 




516 


341 


Payments: 












$75 


$13 


$13 


1972 


S299 


$13 


$62 


$28 


$i;s 


1973 


355 


12 


75 


32 


107 


83 


26 


20 


1974 


345 


13 


63 


26 


124 


80 


22 


17 


i975 


314 


15 


54 


25 


128 


67 


15 


8 


1976 


300 


14 


54 


22 


122 


55 


21 


11 


1977 


389 


12 


46 


21 


107 


56 


24 


123 


1978 


384 


14 


37 


22 


116 


65 


21 


108 


1979 


393 


20 


51 


22 


118 


65 


19 


98 


1980 


346 


21 


71 


36 


112 


64 


23 


19 


1981 


308 


14 


46 


32 


105 


55 


39 


16 


1982 


292 


10 


35 


22 


94 


56 


31 


44 


1983 


303 


10 


34 


28 


87 


74 


51 


20 


1984 


336 


10 


54 


32 


79 


82 


58 


20 


1985 


341 


11 


58 


33 


80 


79 


59 


21 


Balance: 
















$129 


1972 


$1,110 


$69 


$58 


$62 


$41 


$247 


$503 


1973 


1082 


52 


52 


55 


44 


161 


525 


192 


1974 


1047 


57 


82 


59 


7 


174 


439 


228 


1975 


963 


49 


83 


54 


5 


187 


354 


231 


1976 


1G04 


57 


78 


68 


-8 


193 


369 


246 


1977 


1152 


51 


91 


51 


15 


256 


385 


305 


1978 


1250 


71 


127 


43 


12 


220 


454 


323 


1979 


1139 


34 


88 


47 


11 


220 


417 


321 


1980 


1176 


58 


98 


132 


20 


76 


447 


345 


1981 


1278 


CO 


62 


110 


21 


239 


411 


376 


1982 


1377 


61 


70 


97 


28 


210 


471 


440 


1983 


1261 


63 


94 


102 


41 


162 


453 


347 


1984 


1165 


66 


56 


63 


44 


172 


451 


314 


1985 


1184 


66 


53 


64 


44 


179 


457 


320 



SOURCE: U.S. Department of Commerce. Bureau of Economic Analysis, unpublished daia 
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Appendix table 7-8. Technology sales agreements between Japan and the 
United States and other countries, new and old agreements, number of 
agreements, and payments made: 1975-85 



United States other major countries 



New Old, in force New Old, in force 

]|^f[ agreements agreements agree ments agreements 

Number of agreements 

1975 58 198 444 25 

1976 166 251 515 29 

1977 88 246 516 27 

1978 102 281 625 41 

1979 144 319 629 20 

1980 164 488 872 29 

1981 182 468 935 36 

1982 206 448 872 39 

1983 386 683 1.768 170 

1984 197 554 1.150 88 

1985 261 63G 1,248 52 

Value of agreements 
— Millions of constant 1980 Yen 

1975 1,652 7,116 2,668 1.906 

1976 2,254 7,117 1,423 3.559 

1977 3.027 7,063 2.018 2 915 

1978 6,524 7.487 2,460 2^995 

1979 6,750 13,188 1,661 4258 

1980 6,100 1 6,000 3,600 SOOO 

1981 10,271 21.318 4,845 5911 

1982 8,183 25,785 7,422 10 466 

1983 11.143 39,471 4.8I6 10859 

1984 11,269 50,182 4,441 11 837 

1985 6J43 41,495 9,303 12^443 

SOURCES: Statistics Bureau. Management and Coordination Agency. Government of Japan unpublished 
statistics: updates and deflators provided by National Science Foundation. Division o! International Proarams 
Tokyo Office ^ 

See table M m text science & Engineering !ndicators-1987 
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Appendix table 7-9, Technology purchase agreenfients between Japan and the 
United States and other countries, new and old agreements, number of 
agreements, and payments made: 1975-85 

United Stales Other major countries 

New Old, in force New Old, in force 

Year agreements agreements agreements agreements 

Number of Agreements 

5 476 3,076 208 2,160 

,j76 313 3,042 163 1,622 

1977 357 6,097 187 1.717 

1978 497 3,136 331 1,611 

1979 680 3,402 177 1,639 

1981 396 3,696 179 1,672 

1982 443 3,619 253 1,423 

1983 554 4,144 235 1,523 

1984 . 591 3,744 272 1,590 

1985 716 4,006 297 1,489 

Value of Agreements 
Millions of constant 1980 Yen 

1975 9,403 126,302 4,193 46,633 

1976 15,421 120,522 3,321 41,637 

1977 8,969 123,655 6,054 44,283 

1978 28,984 102,674 6,631 37,968 

1979 22,118 137,279 3,323 52,440 

1980 19,900 134,000 4,900 47,500 

1981 16,844 149,468 2,323 43,950 

1982 " 32,414 145,342 4,943 46,483 

1983 32,453 147,830 5,189 39,434 

1984 22,050 157.787 4,336 34,826 

1985 21,889 169,635 4,884 31,735 

SOURCES. Statistics Bureau. Mai igement and Coordination Agency. Government of Japan, unpublished 
statistics, updates and deflators provided by National Science Foundation. Division of Internationa! Programs, 
Tokyo Office 

See table 7-1 m text. Science & Engineering Indicators— 1987 
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Appendix table 7-10. Exports of high-technology productsS by selected 
countries: 1965-84 

A" West United United 
Countries^ France Germany Japan Kingdom states Other 

Billions of dollars 

^9^5 16.42 1.23 270 1.19 2.01 4.66 4 63 

1966 18.86 1.45 3.08 1.62 2.41 5 19 5 11 

1967 21.19 1.61 3.44 1.89 2.40 6 11 5 74 

1^68 24.96 1.72 3.94 2.50 2.63 7 42 6 74 

|?69 29.40 2.06 4.71 3.36 2.99 8.50 7.79 

9.40 
10.79 
13.19 
17.33 
22.43 
23.19 23.82 
25.97 26.15 
27.75 30.33 
37.18 
43.52 45.83 
52.54 



1970 35.59 2.47 5.76 4.19 3.52 1025 

1971 37.70 2.82 3.51 5.13 4.21 11 23 

1972 48.06 3.52 8.03 6.60 4.90 11 82 

1973 64.62 4.90 11.67 8.54 6.19 1599 

1974 83.92 6.18 14.99 10.72 7.87 2174 

1975 88.32 7.20 14.57 10.68 8.86 

1976 102.79 8.58 17.59 15.25 9.25 

1977 117.25 9.79 20.22 18.07 11.08 

1978 147.00 12.15 24.77 23.50 14.56 34 84 

1979. 179.67 16.25 30.25 2576 18.07 



1980 214.86 17.58 33.88 32.58 23.56 54 71 

1981 219.37 16.60 31.56 40.26 20.39 60 39 50 17 

^982 202.67 16.59 21.48 37.15 20.45 58.11 4888 

1383... 223.44 1671 J1.81 43.96 19.46 60 16 51 34 

19^^ 248.30 18.17 33.68 55.22 20.88 65.51 5483 



■ Billions of 1982 Dollars^- 



1965 48.61 3.64 8.01 3.52 5.94 13.80 13 70 

1966 53.96 4.15 8.82 4.64 6.90 14 83 14 62 

1967 58.96 4.48 9.57 5.25 6.67 17 01 15 98 

1968 65.16 4.56 10.44 6.64 6.98 19 68 1786 

1969 73.92 5.17 11.84 8.44 7.52 21 37 1958 

1970 84.68 5.88 13.70 9.98 3.38 24 39 22 35 

1971 84.94 6.36 7.92 11.56 9.49 

1972 103.38 7.57 17.27 14.21 10.54 

1973 130.44 9.90 23.56 17.25 12.49 

1974 155.52 11.45 27.78 19.86 14.58 4a30 41 56 

1975 148.91 12.15 24.56 18.01 14.93 39 11 40 15 

1976 162.98 13.61 27.89 24.19 14.67 41 17 41 46 

1977 174.27 14.55 30.06 26.85 16.47 41 25 4509 

1978 203.55 16.82 34.30 32.55 20.16 48 24 51 48 

1979 228.67 20.68 38.50 32.78 22.99 

1980 250.65 20.50 39.52 38.01 27.49 

1981 233.47 17.67 33.59 42.85 21.70 



25.31 24.30 
25.42 28.36 
32.27 34.98 



55.39 58.33 
63.82 61.30 
64.27 53.39 
48.88 



1982 202.67 16.59 21.48 37.15 20.45 58 11 

1983 215.14 16.09 30.63 42.32 18.73 57 92 49 43 

1984 22971 16.81 31.16 51.08 19.32 60.61 5073 

(continued) 
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Appendix table 7-10. (Continued) 



All 

Year Countries^ 



1965 100.00 

1966 100.00 

1967. 100.00 

1968 100.00 

1969 100.00 

1970 100.00 

1971 100.00 

1972 100.00 

1973 100.00 

1974 100.00 

1975 100.00 

1976 100.00 

1977 100.00 

1978 100.00 

1979 100.00 

1980 100.00 

1981 100.00 

1982 100.00 

1983 100.00 

1984 100.00 



Wesi 

France Germany Japan 
— Market shares (percent) — 



7.49 


16.47 


7.24 


7.69 


16.35 


8.61 


7.60 


16.22 


8.90 


6.89 


15.78 


10.03 


7.00 


16.02 


11.42 


6.94 


16.18 


n.78 


7.49 


9.32 


13.61 


7.33 


16.71 


13.74 


7.59 


18.07 


13.22 


7.36 


17.86 


12.77 


8.16 


16.49 


12.10 


8.35 


17.11 


14.84 


8.35 


17.25 


15.41 


8.26 


16.85 


15.99 


9.04 


16.83 


14.34 


8.18 


15.77 


15.16 


7.57 


14.39 


18.35 


8.19 


10.60 


18.33 


7.48 


14.24 


19.67 


7.32 


13.57 


22.24 



1 Iniiari 


1 Inttod 




r\inyoQrn 


Olalcb 


VJUlv 1 


12.22 


28.40 


28.18 


12.78 


27.49 


27.09 


It. 32 


28.86 


27.10 


10.55 


29.74 


27.00 


10^7 


28.91 


26.48 


9.90 


28.81 


26.40 


11.17 


29.80 


28.61 


10.19 


24.59 


27,44 


9.57 


24.74 


26.81 


9.37 


25.91 


26.72 


10.03 


26.26 


26.97 


9.00 


25.26 


25.44 


'9.45 


23.67 


25.87 


9.91 


23.70 


25.29 


10.05 


24.22 


25.51 


10.97 


25.46 


24.46 


9.29 


27.53 


22.87 


10.09 


28.67 


24.12 


8.71 


26.92 


22.98 


8.41 


26.38 


22.08 



» Uses the DOC-3 definition ol "liigh'technology products". See page 127 in text 

*-AII countries" includes, in addition to those shown here. Austria, Belgium. Canada, Denmark. Italy. The 

Netherlands. Norway. Sweden, and Switzerland, 

5 Current-dollar figures are transformed into constant terms using the GNP deilator 
SOURCE: Victoria L, Hatter. "U.S, High Technology Trade and Competitiveness * Staff Report. Office of Trade 
and Investment Analysis. International Trade Administration. U.S. Department of Commerce. February. 1985. 
Office of Trade and Investment Analysis. International Trade Admmiuration. U.S, Department of Commerce, 
unpublished statistics (June. 1987) 
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Appendix table 7-11. U.S. trade in high-technology' product groups, by region: 19 78-86 

Other Developed Counlnes East Asian NIC's ■ oiher Countries 

~ g^PQ^'s imports Balance Expor.s Impo r.s Balance Exports impor.s Balance Exports imports Balance 

' - Billions of constant 1982 ' dollars — — , " 

1^ ::::::: 111 'in IIZ ^'-^ 

S ::::::: 5?I , i - - 

i ::::::: S E i | ii i |i ^ ^ 

'984 7.77 20.56 12.79 29.62 16,96 12.66 592 1037 HI ^fi AH Trl 

'985 7.29 22.57 - 15.27 30.38 19.06 11.32 5 62 9 98 ^^7 A.n '"""^ 

'''' ^5.67 -18.6 7 J3£^_21£5_ ufs Ifs ttll It 

Billions of dollars 

1980 5 48 7 84 ?1fi 9Rqq i« ^-"^ 39.88 18.74 21.15 

* U.S. Department of Commerce DOC'3 deliniti'ons. 
'"Converted to constant dollars using the 6NP implicit price deflator 

• Newly industrialized countries in East Asia include Hong Kong. Republic of Korea. Singapore and Taiwan 

Science & Engineering Indicators— 1987 



Appendix table 7-12. Exports of selected high-technology products, volume and market shares, selected countries- 
1975, 1 984 

""'"^^ -J^P^" West Germany France United Kingdom 
^J^^aSL^ 1975 1984 1975 1984 1975 ^84 l^s iiiT -9T5 ^ 



■ MiIlior» irs — — 

SrlfcS^^^^^^ ^"'^-^ 33.684.2 7.203.7 18.172.8 8.855.7 20.879.3 

OHice.co:riputing.& ^^'^ '^^'^ ^^^'^ ^-"^S" 865.0 3.181.9 1.625.0 3.943.4 

accounting machines 2.790.9 14.698.9 1.006.7 9.884.7 1.570.1 3.986.7 731.8 2.264.1 1.027.3 3.836.1 

' - — Market shares (percent) . 

All high technology products 26.3 26.4 12.1 22.2 165 136 ft? 7-, 

Communications equipment 3-6 8.2 7.3 10.0 8.4 

& electronic components I8.8 21.1 23.9 36.6 16.1 122 6 5 "iP 7P r-, 

Afrcralt & parts 62.2 45.9 0.3 0.6 4,1 isie ^'^ - - - " 



Office, computing. ^"'^ ' ' '^.6 7.6 9.4 14.3 15.5 

6.2 11.2 9.0 



& accounting tTiachines 30.1 35.7 11.0 17.5 17.2 ,2.2 8.0 



See figure 7«9. 
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Appendix table 7-13. Direct investment positions abroad and shares of total 
international direct investment, major investing countries and world total, 

1973-84 



Average annual 
growth 



Country of origin 



1973 



1978 



1981 



1984 1973-78 1973-84 



Billions of constant 
— 1982 dollars* — 



Percent 



All countries 



430.2 



524.6 



580.7 



620.1 



4.1 



3.4 



Total, major Investing countries 

United States 

United Kingdom 

West Germany 

Japan • 

Netherlands 

Switzerland 

Canada 

France 

Oiher countries < 



388.8 
204.5 
54.3 
24.0 
20.8 
31.1 
20.6 
15.7 
17.8 
41.4 



474.1 
225.3 
56,9 
44.0 
3V.1 
32.8 
38.5 
18.8 
20.6 
50.b 



527.1 
243.0 
69.7 
48.4 
39.4 
34.5 
38,7 
27.2 
26,1 
53.6 



532.4 
213.0 
77.6 
53.2 
49.5 
37.9 
36.8 
33.9 
30,4 
87.7 



4.0 
2.0 
0.9 
12.9 
12.3 
1.1 
13.3 
3.6 
3.0 
4.1 



2.9 
0.4 
3.3 
7.5 
8.2 
1.8 
5.4 
7.2 
5.0 
7.1 



* Data cr ivo:ti to 1982 dollars using tho U,S. GNP dollator 

SOURCES Foro^n countries ( 1 973- 1981 ): U.S, Oepaament oi Commerce, Internattona! Trade Administration, 
/nre/nar/onii Vrecr /n vesrmenr Global Trends md tho U.S. Rolo (August. 1 984); foreign countries, later years- 
derived by tA-mg direct investment outflows reported to the IMF arvd published in IMF Balanco oi Payt\)em 
Smisucs Yoarbook. Part 2. 1985: United t.aios: U.S, Department of Comrrerce. Bureau of Economic Analysts. 
Sutve/ oi Current Businoss (June. 1986). p. 30 

See figures 7-10. 7-1 1 Science & Engineering Indicators— 1987 
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Appendix table 8-1. Various segments of U.S. public attentive to or interested 
in scienc e and technology: 1985 

^ , , ^, Attentive Interested Remaining 
Segment of publ.c public public publ.c N 

Percent 

■^"'^'P"^"" 21 26 53 2.005 

Age: 

Gender: 

Female 17 

..^.^ 24 59 1,054 

ivlale pc 07 

Education: 

Le<=s than high school 12 21 67 

High school graduate 21 27 <;2> 1 nnl 

AA Degree 29 25 S 

BA Degree 33 28 39 229 

Graduate degree 28 28 44 jsi 

SOURCE: Jon D. Milfer. Public Attitudes Toward Science and Technology, ms (i988) 

See table 8-1 in text. c^;«,,^« 0 r- 

Science & Engineering Indicators— : 987 



^PP«"dix table 8-2. Reported understanding of various aspects of scier.oe and technology: 1985 

Segment of public ^q'nid!!"^ hma m > > ^°'^P"'ef How a tCephone 

— 5—! study DNA Molecule sof twar e Radiai.on GNP works N 

Percent claiming clear ••"'^^^"»^^"'^■mQ 

27 20 29 23 

35-44 : II l\ 26 28 25 20 474 

45-64 30 'I 25 35 26 19 370 

65 + :::: 5° i % 20 27 22 ,9 520 

13 6 16 7 26 20 

Female 07 .0 

"* s S 11 II ■= II 

Education: 

Less than high school 13 4 8 2 ^ 

High school graduate 27 iP oa on ^ 507 

AA degree 30 ll ^0 26 20 16 i,006 

BAdegree 57 S tl 20 137 

Graduate degree " gi to tc "^"^ 25 229 

' ^2 55 55 60 26 121 

SOURCE: Jon D. Miller. Public Attitudes Toward Science and Technology, 1985 (1980) 
See table 8-2 in text. 
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Appendix table 8-3. Actual understanding of various aspects of science and 

technology: 1985 

Scientific How a telephone 

Segment of public Molecule study works 

Percent responding correctly 

Total public 

Age: 

18-24 

25-34 

35-44 

45-64 

65 4 

Gender: 

Female 

Male 

Education: 
Less than high school 
High school graduate 

AA degree 

BA degree 

Graduate degree . . . 



'In your own words, could you tell me what a molecule is?' 

* Question was asked only of those who previously had stated they had either a "clear understanding* or a 
-general sense" of this aspect. Percentages are based on total sample. Responses v^.'ere coded at the Public 
Opinion Laboratory, with tests of intercoder reliability 

SOURCE: Jon D. Miller Pubtic Attitudes Toward Science and Technotogy, 1065 (1988) 

See table 8-3 in text. Science & Engineering Indicators— 1987 



10 



13 



2.005 



13 
14 
13 
5 
4 



16 
14 
17 
11 
4 



6 
11 
10 
7 
3 



326 
474 
370 
520 
315 



8 

12 



13 
13 



2 
14 



1,054 
950 



2 
8 
15 
22 
27 



2 
13 
16 
22 
31 



2 
7 
11 
16 

20 



507 
1,006 
137 
229 
121 



Appendix table 8-4. Reported understanding of various aspects of science 
and technology by Japanese: 1987 



Certain Heard Dou'i 

Aspect Understand extent before understand 

Percent 

GNP 27 19 28 27 

Computer software 21 19 31 29 

Optica! fibers 21 20 36 23 

ICLSI... 19 16 31 34 

Database 13 12 29 47 

DNA 8 7 19 67 



N = 2,334 

"To what degree do you understand the following words?" 

SOURCE: Office of the Pnme Minister of Japan, Public Relations Office. Pubtic Opinion Survey on Science, 
Technology, and Society (1988) 
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Appendix table 8-5. Public' using various info rmation sources: 1985 

watch Visit Visit ' 

c . , u.- P""'*^ science visit art science 
Segment of public television library aquarium museum' museum magazines N 

~ Percent 

Total public 71 ^7 

48 38 31 16 2.005 

Age: 

asl^:::::::::::::;:::;::::::::::: 5? % 

35.44 II 11 !5 49 36 19 474 

51 22 19 21 12 315 

Gender: 

Mar 5? 34 33 IS 1.054 

" 6" 48 39 30 18 950 

Education: 

Less than high school 61 46 32 18 12 7 c^nv 

High school graduate 71 yn To „ ^ 507 

M Degree. 78 II S II ^'""^ 

BA Degree ll fl It 22 137 

Graduate degree 84 ftft eo ^ 

1 68 62 62 32 121 

I In ihe case of science magazines and scfence lelevision mis is the percent who use therr. at least occasronallv 
in other cases, it is those who had used the source at Feast once in the past year. 
* Includes visits to a "Science or technology museum" or a "Natural history museum" 
SCXJRCE: Jon D. Miller. Public Attitudes Toward Science and Technology, 1985 (1988) 
See table 8-5 in text. 
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Appendix table 8-6. Weekly science and health 
sections in U .S. daily newspapjjrs: 1977-86 

iJ^ Science^ Health^ 



1977 0 0 

1978 1 0 

1979 1 0 

1980 1 Q 

1981 4 1 

1982 7 1 

1983 16 2 

1984 27 4 

1985 45 15 



* As of September ol each year. 

' Science sections including health and fitness. Groups of newspapers with 
the same science editor were counted as one newspaper. Multiple weekly 
columns were counted separately. 

' Health and fitness exclusively. 

SOURCE: Scientists" Instiii for Public Information. SfPi Scope, vol.14. 
No.4. Autumn 1986 

See figure 8-1. 'iCience & Engineering Indicators— 1987 
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Appendix table 8-7. Computer use at home and at work: 1985 



At home 

Segment of public and work At work At home No use N 
• Percent 



public . 



19 7 69 2.005 



Total 



Age: 

18-24 3 

25-34 8 

35-44 9 

45-64 3 

65 + 0 



Gender: 

Female 

Male 

Education: 
Less than high school 
High school graduate , 

AA Degree 

BA Degree 

Graduate degree ... 



Oil 

24 


I 


DD 


o^b 


2b 


I 


bU 


A'7A 


22 


10 


by 


o/U 


18 


6 


72 


520 


3 


3 


94 


315 


18 


6 


72 


1.054 


21 


7 


66 


950 


7 


5 


89 


507 


20 


6 


71 


1.006 


27 


13 


51 


137 


33 


7 


48 


229 


31 


12 


40 


121 



Note: Cases which indicated that "Enleriatnmenr was primary use of computer v/ere placed tn 'Does not use" 
category. 

SOURCE: Jon D. Miller, PuW/c Attitudes Toward Science and Technology. 1^06 (1988) 

See table 8-6 in text. Science & Engineering Indicators— 1P87 



Appendix table 3-8. Public assessment of be neficial versus harmful results of scientific research: 1985 

Benefits Benefits Benefits Harms Harms 

substan'ly slightly equal st'ghtly substan'ly Don't 

Segment of public gr eater greater harms' greater greater know N 

Percent 

Total public 44 24 4 13 6 9 2.005 

^^^^3.24 37 29 2 22 5 5 326 

25,34 46 26 2 16 5 5 474 

35.44 ■ 54 21 6 10 4 5 370 

45.64 46 20 4 10 8 12 520 

65 + ...'...".!!!".!! 31 23 7 9 9 21 315 

Gender: , 

Female 40 25 4 14 « 11 1.054 

Male 48 22 4 13 5 7 950 

Education: 

Less than high school 20 21 7 19 13 20 507 

High school graduate 46 25 4 13 "8 1,006 

AA Degree 54 26 3 7 ^ 5 137 

BA Degree 64 23 1 7 3 2 229 

Graduate degree 71 20 2 3 1 3 121 

Attentlveness: , 

Altentives 55 23 3 10 ^ ^ VI 

Interested ^8 24 5 11 ^ ,1 ,11] 

Remaining 37 26 5 15 / 10 1.071 

-People have frequently noted that scientific research has produced both benefiP^l and harmtul conbequenceo. Would you say that, or balance, the benefits of scientific 

research ha^ outweighed the harmful results, or that the harmful results of scientific research have outvc-eighed its benefits'^' 

* Volunteered by respondent. 

SOURCE: Jon D. Miller. Public Attitudes Toward Science and Technology. 1985 (1988) 

See table 8-7 in text. Science & Engineering lnd.calors-1987 
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Appendix table 8-9. Benefits and hc.ms from scientific advance, for 

countries: 1981-83 



Country 



Will help Will harm Both 



No answer/ 
Don't know 



Japan 

United Kingdom 

France 

West Germany . . 

Italy 

United States . . . 

Canada 

Lebanon 

Kuwait 

Australia 

Netherlands .... 

Denmark 

Belgium 

Spain 

Ireland 

Ulster 

Sweden 



• Percent • 



23.4 


9.6 


57.4 


9.6 


48.3 


21.8 


25.9 


4.1 


36.9 


21.3 


36.2 


5.7 


32.4 


21.1 


40.0 


6.5 


39.4 


20.2 


35.9 


4.5 


54.3 


19.0 


21.5 


5.2 


44.7 


22.3 


29.4 


3.5 


52.2 


9.0 


36.7 


2.1 


69.1 


4.2 


25.5 


1.2 


45.0 


26.4 


25.2 


3.3 


21.9 


36.4 


33.6 


8.1 


30.9 


20.6 


42.3 


6.2 


25.1 


17.5 


46.4 


11.1 


44.0 


18.0 


31.0 


7.0 


37.8 


27.5 


26.7 


8.0 


37.0 


22.0 


35.0 


6.0 


35.0 


21.0 


40.0 


4.0 



-In the tong run. do you think the scientific advances weVe making will help or harm mankmd?" 
Note: Data are from i98l. except for Canada (1982) and Kuwai:. Lebanon, and Australia (1983) 
SOURCE. Inlernalionales Inslilut fur Empmsche Soz.alokonomie. Stadtbergen, frg. unpublished tabulations 
See figure 0-33 in Overview science 8 Engineering Indicators-l 987 



Appendix table 8-10. Public expectations concerning future outcomes, by 
attentlveness: 1985 



Total Attentive Interested Remaining 

Outcome public public public public 

Percent 

A cure for the common forms of cancer: 

Very likely ^ 55 63 57 51 

Possible 

Not at all likely 

Don't know 

A war m space: 

Very likely 

Pr^vsible 

Not at all likely 

Don t know 

A safe method for ♦he long-term storage 
or disposal of waste? products Irom 
nuclear power plants: 

Very likely 

Possible 

Not at all likely 

Don t know 

The accidental release of a genetically 
engineered microbe into the environment: 

Very likely 

Possible 

Not at all likely - 

Don t know 

The placement of a scientific or mining 
colony on the moon: 

Very likely 

Possible 

Not at all likely 

Don't know 

Ano*her nuclear power plant accident like 
Three Mile Island: 

Very likely * — 

Possible 

Not at all likely ■ ■ 

Don t know — — 

The accidental release in the United 
States of a toxic chemical that will result 
in numerous deaths: 

Very likely 

Possible 

Not at all likely 

Don t know « 

The development of genetically 
engineered bacteria to eat or destroy 
toxic chemicals: 

Very likely 

Possible ' 

Not at all likely 

Don t know ' 

The landing of a manned mission on 
Mars: 

Very likely 

Possible ' 

Not at all likely 

Don t know - " — 

A cure for the disease AIDS: 

Very likely 

Possible - 

Not at all likely 

Don't know .... — 

-Do you Ihink thai il is ve ry likely, possible but not loo Itkely. or not al all likely thai Ihis reso.l will occur in the next 25 
years?" 

SOURCE: Jon 0 Miller. Pubttc Attitudes Toward Saence and JQChnotogy, 1985 (1988) 

See l-ole 8-9 in text Science & Enginet.ir^ Indicaiors— 1987 
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41 
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15 
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49 
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38 
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6 


9 


11 


4 


3 


3 


5 
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44 


41 


42 


42 


45 


42 


42 


12 


9 


15 


12 


4 


2 


2 


5 


32 


41 


37 


26 


43 


42 


38 


47 


17 


13 


18 


17 


8 


5 


8 


10 


27 


32 


28 


24 


41 


41 


41 


41 


29 


25 


29 


30 


4 


3 


3 


4 


49 


58 


54 


44 


38 


31 


34 


42 


9 


9 


10 


9 


4 


2 


3 
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Appendix table 8-11. Japanese public expectations concerning future 
^ outcomes: 1987 

Most probably Possibility Will not Don't 
^"^^^""^ will occur is low occ ur know 

Percent 

Progress in curing cancer 74 ^ ^ . 

Automatic translation devices for 

International travelers 62 17 7 

Progress in curing AIDS 53 22 7 10 

Earthquake prediction 52 3^ g ^ 

Safe processing method for atomic 

; 44 29 19 14 

Progress m cunng senility 34 37 

Landing people on Mars 33 29 21 i"' 

Living in space stations 23 32 '?o 1^ 

Cities in the ocean 13 33 35 

N = 2,334 

"Do you think that the following things will lake place in the next 25 years'?" 

tZ'Sr^' •^"'"^ '^""^ '"-^y 0" Scfence. 
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Appendix table 8-12. Public Indicating "a great deal of confidpnrp" in 

a a yrecji ^^ai OT conjiaence m the people running selected institutions: 
1 973-86 



Institution 



Medicine 

Scientific community 

Education 

Organized religion 

Military 

Major companies 

Press 

TV ..^^^...[ 

Organized labor 

Executive branch of the federal 

government 

Congress 

U.S. Supreme Court 

Banks and financial institutions . 



1973 1974 1975 1976 1977 1978 1980 1982 1983 1984 



Percent ■ 



54 


60 


50 


54 


51 


37 


45 


38 


43 


41 


37 


49 


31 


37 


41 


35 


44 


24 


30 


40 


32 


40 


35 


39 


36 


29 


31 


19 


22 


27 


23 


26 


24 


28 


25 


19 


23 


18 


19 


17 


15 


18 


10 


12 


15 


29 


14 


13 


13 


28 


23 


17 


13 


14 


19 


31 


33 


31 


35 


35 


NA 


NA 


32 


39 


42 



^ 1.504 1,484 1.490 1.499 



1.530 



1986 



46 


52 


46 


51 


50 


46 


36 


41 


38 


41 


44 


39 


28 


30 


33 


29 


28 


28 


31 


35 


32 


28 


31 


25 


29 


28 


31 


29 


36 


31 


22 


27 


23 


24 


30 


24 


20 


22 


18 


13 


17 


18 


14 


16 


14 


12 


14 


15 


11 


15 


12 


8 


8 


8 


12 


12 


19 


13 


18 


21 


13 


9 


13 


10 


12 


16 


28 


25 


30 


28 


33 


30 


33 


32 


25 


24 


31 


21 


1.532 


1.468 


1.506 


1,599 


989 


1,470 



See figure 8-2. 
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Appendix table 8-13. Public Image of scientists: 1985 



Percent agreeing that scientists 

Work for good Have power that 

Segment of public of humanity is dangerous N 

Total public... 8^ si 1^5 

^%,2A 83 55 362 

25.34;;;;". 79 52 474 

35-44 78 46 370 

45.64 80 55 520 

65 ^, 81 66 315 

Gender: _ , 

Female 81 58 1.054 

Male 78 52 950 

Education: 

Less than high school 81 69 507 

High school graduate 80 56 1.006 

AA Degree. 82 42 137 

BA Degree 80 36 229 

Graduate degree ^ ]fl 

"For each statement, tell me if you generally agree or generally disagree." 

SOURCE: Jon D. Miller. Public Attitudes Toward Science and Technology, 1985 (1988) 

See table 8-12 in text. Science & Engineering lnd.cators-1987 



Appendix table 8-14. Public acceptance of scienti fic conclusions: 1985 

Segment of public A B C D E F N 

Percent 

Tola! p.* 44 46 53 95 45 79 2,005 

Age: 

18.24 41 42 50 97 51 79 326 

25.34 ;;;;;;;;.;;; 42 56 97 51 si 474 

35,4/ 50 40 53 93 51 78 370 

45.64 ;;;;;; 43 52 52 94 40 78 520 

65 + .;;;;.;; 35 53 50 93 34 82 315 

Gender: 

Pert ale 33 44 54 94 41 77 1,054 

^^aie ..;;.;;;; ^8 51 96 50 82 95^ 

Education: 

Less than high school 29 46 36 92 39 72 507 

High school graduate 44 44 55 95 40 79 i,006 

AA Degree . 50 49 63 98 49 82 137 

BA Degree 63 52 67 97 64 88 229 

Graduate degree 64 48 70 98 72 9 2 121 

Note: A - Disagree thav -Rocket launchings and other space activities have caused changes in our weather'^ 
B - Disagreethat"ltislike!ylhalsorneoflheunidetni(ied«yingobieclslhalhavebeenreportedarerea^ 

space vehicles fronn other civilizations." 
C - Disagree that "Some numbers are especially lucky for some peopler 
D ^ Agree that "Smoking causes serious health problems." 

E " Agree that 'Human beings as we know thenn today developed from earlier species of animals ' 
f - Agree that "The continents on which we live have been moving their location for millions of years and 
will continue to move in the future." 
SOURCE: Jon D. Miller. Public Attitudes Toward Science and Technology, 1985 (1988) 
See table 8-13 in text Science & Engineering lndicators-1987 



Appendix table 8-15. Public views of the limits of 
science: 1985 

D N 



Segment of public a B 



Percent 

Total public 59 76 8 8 2,005 

Age: 

^^•24 66 73 11 10 326 

25-34 57 77 g g 

35'44 53 75 6 8 

"^^'^ 58 76 6 8 520 

62 73 1 2 11 315 

Gender: 

^^■^3'^ 59 74 1 0 9 1 054 

^^^^ 59 76 6 7 950 

Education: 

Less than high school ... . 67 76 17 14 507 

High school graduate 59 74 5 q 1 qqq 

AA Degree 57 74 4 4 'l37 

BA Degree 49 73 2 4 229 

Graduate degree 45 73 5 1 121 

Note: A - Agree that -Scientists will never be able to understand the 
working of the human mind as well as they understand the 
physical world." 

8 = Agree that -There are some good ways of treating Sickness that 

medical science does not recognize." 
C - Responded 'Yes' to "Do you sometimes decide to do or not do 

something because your astrological signs for the day are 

favorable or unfavorable?' 
D " stated that "Astrology is very scientific: 

SOURCE: Jon D. Miller. Pubfic Awtudes Toward Science and Technofoay 
1985 (1988) 

See table 8-15 in text. Science & Engineering lndicators-1987 

Appendix table 8-16. Public considering U.S. siiead of other countries in 
science and technology, by a ttentiveness: 1985 

Total .Attentive Interested Remaining 
Area and country public public public public 



Percent 

Basic scientific achievements: 

West Germany 53 66 61 54 

75 82 77 71 

i^^^""-: 36 41 36 34 

Great Britain 70 78 74 66 

Soviet Union 43 55 ^3 

Military technology: 

West Germany 70 75 75 

^^^"^^ 80 84 86 77 

i^P^" ■ ■ ■ ■ - 73 80 76 69 

Great Britain 75 33 

Soviet Union 33 4^ 3^ 

Civilian or industrial technology: 

West Germany 49 47 

^^P^" 11 10 12 12 

Great Britain 59 75 ^ 

Soviet Union 75 33 77 71 



N - 2.005 417 



517 1,071 



hPhlnJTwl r ''"^ 1''^"*'^''' ^^"'d say that the United states .s ahead of West Germany 

behind West Germany or ar about the same level?" Germany. 

SOURCE: Jon D. Miller. Public Attitudes Toward SciOiice and Technology. 1985 (i988) 

See table 8«16 in text. ^^^^ o tr 
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Appendix table 8-17. Japanese public's ranking of various countries on 
various aspects of scient^ :nd technology: 1987 



Basic science Technology related 

Country and technology industrial technology to everyday living 



Average ranking 

United States 1-6 1-8 ^.8 

Japan 2.8 2.0 2.3 

West Germany 3.7 3.7 3.8 

U.S.S.R 3.4 4.0 4.6 

United Kingdom 4.6 4.5 4.1 

France 5.1 4.9 4^ 



N = 2,334 

"For each of the areas listed below please rank the following countries according to their degree of progress^ 
SOURCE: Office of the Prime Minister of Japan. Public Relations Office. Public Opinion Survey on Science, 
Technology, and Society (i988) 

See table 8-17 in text. Science & Engineering Indicators— 1987 



Appendix table 8-18 Public support for basic scientific research: 1985 

Strongly Don't Strongly 

Segment of public a gree Agree know Disagree disagree N 

Percent 

Total public 9 70 5 15 1 2.005 

Age: 

18-24 14 65 5 15 1 326 

25-34 14 71 2 12 1 474 

35-44 9 72 5 14 1 370 

45.64 5 73 5 17 0 520 

65 + 5 65 10 19 0 315 

Gender: 

Female 7 68 8 16 1 1,054 

Male 11 71 2 15 1 950 

Education: 

Less than high school .... 5 65 9 20 0 507 

High school graduate 7 71 5 16 1 1,006 

AA degree 9 78 2 11 0 137 

BA degree 19 68 2 10 1 229 

Graduate degree 19 70 2 8 Q ^21 

"Even if It brings no immediate benefits, scientific research which advances the frontiers of knowiadge is 

necessary and should be supported by the Federal Governmentr 

SOURCE: Jon D. Miller, Public Attitudes, Toward Science and Techndogy, 1985 (i988) 

See table 8-i8 in text. Science & Engineering Indicators- 1987 
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Appendix table 8-19, Public wiilingness to restrain scientific studies: 1979-85 



Subject 1979 ^933 ^gg^ 

Percent willing to prohibit 

Studies that might enable most people in society to live 

to be 100 or more _ 29 32 26 

Studies that could allow parents to select the sex of 

^^^^'^ child NA 62 NA 

Studies that might allow scientists to create new forms 

• 65 NA NA 

Studies that might allow scientists to create new forms 

of plant and animal life na 46 42 

Studies thai might lead to precise weather control and 

modification 28 NA 36 

Studies that might discover intelligent beings in outer 

^P^C® 36 38 ^9 

Studies that cause pain or injury to animals like dogs 
and chimpanzees, but whic 1 produce new information 

about human disease or health pioblems na na 30 

Studies that are designed to create new biological or 

chemical weapons NA NA 66 

^ 1,635 1.6 30 2.005 

"For each study, please tell me whether you think scientrsts should or should not be allowed to conduct thai kind 

of research. If you don't care one way or the other, just give me that answer: 

SOURCE: Jon D. Miller. Public Attitudes Toward Science and Technology, 1985 (1988) 

See table 8-19 in text science & Engineering lndicalors«1987 



Appendix table 8-20. Public assessment of three policy areas, by demographic group: 1985 

Space exploration 



Segment of public 



Benefits 
substantially 
exceed costs 



Bem^fits only 

slightly 
exceed costs 



Benefits & costs 
about equal 

(volunteered by 
respondent) 



Total public 

Age: 

18-24 

25-34 

35-44 

45-64 

65 + 

Gender: 

Female 

Male 

Education: 
Less than high school 
High school graduate . 

AA Degree 

BA Degree 

Graduate Degree 



26 

24 
29 
28 
25 
23 

20 
33 

20 
26 
26 
35 
38 



27 

30 
27 
31 
24 
25 

24 
31 

25 
27 
32 
29 
25 



Percent ■ 



1 
3 
1 
3 
4 

3 
2 

3 
2 
2 
2 
3 



Costs only 
slightly 
exceed 
benefits 



15 

19 
16 
12 
16 
14 

18 
12 

17 
16 
14 
13 

15 



Costs 
substantially 
exceed 
benefits 



24 

22 
22 
25 
26 
26 

30 
18 

26 
26 
25 
17 
17 



Don't 
know 



4 
4 
3 
5 
9 

6 
4 

8 
4 
1 
5 
3 



2,005 

326 
474 
370 
520 
315 



1,054 
950 



507 
1.006 
137 
229 
121 



(Continued) 
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Appendix table 8-20. (Continued) 



Genetic engineering research 



Benefits are 
substantially 
greater than 
risks 



Benefits are 
only slightly 
greater than 
risks 



Genefus & risks 
about equal 

(volunteered by 
respondent) 



Risks are 
only slightly 
greater than 

benefits 



Risks are 
substantially 
greater 'han 

benefits 



Don't 
know 



N 



Percent 

Total public 23 27 2 14 24 11 2,005 

Aqe: 

18-24 24 29 2 22 17 6 326 

2M4 27 27 2 12 27 6 474 

35-44 . 23 24 2 15 26 10 370 

45.64 ■■■■ 20 28 2 14 23 13 520 

65 + 17 23 1 9 29 21 315 

°Fe5e 19 25 2 16 27 12 1.054 

Male 26 28 2 13 22 9 950 

Education: _ 

Less than high school 19 29 1 13 23 15 507 

High school graduate 20 24 2 14 27 12 1.006 

AA Degree 25 24 0 21 25 5 137 

BA Degree 29 29 2 16 19 5 229 

Graduate Degree 36 30 2 10 16 6 121 

Nuclear power 

Benefits are Benefits are Benefits & risks R'sks are Risks are 

substantially only slightly about equal only slightly substantially 

greater than greater than (volunteered by greater than greater than Don't 

risks risks respondent) benefits benefits know N 

Percent 

Total public 27 22 1 14 31 5 2,005 

Aae: 

18-24 18 23 1 17 39 3 326 

25-34 22 20 1 16 38 4 474 

35.44 27 24 2 17 27 3 370 

45.64 30 24 2 11 29 4 520 

65 + 39 20 1 11 19 11 315 

Gender: 

Female 18 22 2 17 35 6 1.054 

Male 37 23 1 10 26 3 950 

Education: 

Less than high school 28 24 1 IS 2S ^ 

High school graduate 26 22 2 13 33 4 1.006 

AADegree 31 20 0 15 31 3 137 

BA Degree 28 20 1 13 36 3 229 

Graduate Degree 27 23 1 17 3i 2 121^ 

-in your opinion, have the costs ol space exploration exceeded its benefits, or have the benefits Of space exploration exceeded its costs'' 
SOURCE: Jon D. Miller. Public Aimudes Toward Science and Technology. 1985 (1988) 

See table 8-21 in text. Sconce & ti.g'.ne jr.ng lndicators-1 987 
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Appendix table 8-21. Public reactions to Shuttle 
Challenger accident: Feb ruary 1986 and June 1986 

Question and response February June 



"Generally speaking, would you say that Percent 

lhi:> accident has been a major setback 

for the space program, a minor setback. 

or not really a setback at all?" 

Major 37 66 

f^inor 45 

No setback 17 7 

Don't know 2 1 

"If additional funds are needed to modify 

the shutt'** program or to get it back on 

schedule, would you personally support 

Increased Federal funds for the shuttle 

program, oppose additional funds, or 

would it make no difference to you?" 

•^uppoit 50 49 

Oppose 22 23 

No difference , 26 26 

No answer 3 2 

"The accident reflects a basic design 

error or flaw In the shuttle. Do you 

strongly agree, agree, disagree, or 

strongly disagree.?" 

Strongly agree 3 17 

Agree 42 62 

Disagree 40 18 

Strongly disagree 6 2 

Don't know 5 2 

"The space shuttle is such a complex 

machine that accidents will continue to 
occur from time to time." 

Strongly agree q 7 

Agree 75 

Disagree _ 15 ^6 

Strongly disagree 1 1 

Don't know , , . \ \ 

"The space program should reduce the 

number of manned shuttle flights and 

rely more on unmanned vehicles" 

Strongly agree 4 4 

Agree 27 39 

Disagree 55 49 

Strongly disagree 10 4 

Don't know 5 4 

"The space shuttle is still an outstanding 

example of American technology." 

Strongly agree 32 24 

Agree 65 73 

Disagree 2 3 

Strongly disagree 0 0 

Don't know -[ ^ 

"Do you think that manned shuttle flights 

will start again?" 

Yes 98 98 

No 1 1 

Don't know 1 ^ 

N =^ 1,111 (the same set o f respondents in February and in June) 

SOURCE; Jon 0, Miller. The Impact of the ChaUenger Accident on Pubhc 
Attitudes toward the Space Program, Report to ilie National Science Foun. 
dation (January. i987) 

See lab»A 8.22 in text. Science & Engineering Indicators— 1987 
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Cross-sector mobility in research, 94-95, 272, 
275-276 

Current Population Survey (CPS), 41m 
Czechoslovakia, weaving equipment innova- 
tions in, 118-119 

D 

Deep Sea Drilling Project (DSDP), 99-100, 291 

Defense, Department of 
S/E's employed in, 58 
support of R&D by, 78-80, 245, 248-249, 251 
support of S/E graduate students by, 46*47, 
215 

Defense research and development (R&D), 

funding for, 3-5, 77, 265 
Deflator (GNP), 124// 
Degrees 
bachelor's, 11,45, 203 
as first S/E degree, 5, 71 233 
and the S/E workforce, 59-60, 222 
doctoral 

baccalaureate sources of, 47-46, 207-211 
foreign recipients of, 98, 271, 283 
by gender, 45, 203-204 
and the S/E workforce, 55, 56, 60-61, 220, 

223-224 
summt-iry of, 11-12, 44-45 
time from bachelor's degree*, 45, 204 
from U.S. universities, 202 
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maslcr's, 11, 45, 203 
as firsl S/E degree, 5, 71, 233 
and Ihe S/E workforce, 59-60, 222 
Demand 

for precollege leathers, 27-29, 186 
for S/E's 
long-lcrm, 67-b8 
shorl-lerm, 67 
Demographic trends in Ihe S/E labor force 
bachelor's and master's degrees, 59-60, 222 
doctoral degrees, 60-61, 223-224 
Denmark, public perceptions of benefits and 

harms from science, 18, 147-148, 332 
Development. Sec also Academic research; 
Applied research; Basic research; Indus- 
trial Research; Research and 
development, 
academic doctoral S/E's in, 48-49, 213 
funding for, 4-5, 13, 77-78, 240-241, 265 
perceived expectations of, 148-150, 333-334 
Direct Investment Industry Class (DIIC), 127, 
127m 

Division of Social and Economic Sciences 
(NSF), 86 

DOC. See Commerce, Department of. 
DOC-3 classification of industries. 111, 111//, 

124, 127, 127// 
Doctoral degrees. See Degr es, doctoral. 
DoD. See Defense, Department of. 
DOE (Department of Energy), 32 
DSDP (Deep Sea Drilling Project), 99-100, 291 

E 

Earth sciences 
articles institutionally co-authored in, 8s', 
264, 279 

articles internationally co-authored in, 
98-99, 285 

baccalaureate sources of uoctorates in, 
47-48, 207 

citations in articles in, i2-13, 99, 1J9-290 
courses taken by precollege teacliers in, 

26-27, 181-183 
foreign recipients of U.S. doctoral dcgiees 

in, 92, 271, 283 
as an intended major of precollege stu- 
dents, 24-25, 177 
research materials in, 85 
and SAT scores, 22-23, 175 
U.S. and world articles in, 99, 287-288 
U.S. doctoral recipients studying abroad in, 
98, 284 
East Asia 

exports and imports ol high-technology 

products, 133-135, 326 
foreign students in U.S. from, 44, 201 
NICs in, 134-135, 326 
East Europe, > J.S. academic exchange visas 

issued to, 98, 285 
Economic Recovery Tax Act, 105 
Economics 

baccalaureate sources of doctorates in, 

47-48, 207 
research materials in, 86 
Education 

courses taken by precollege teach ►rs in 

26-27, 181, IS'i, 184 
graduate 
enrollment in, 41-44, 196-200 
foreign students in, 12, 44, 45, 196, 198, 
201 

highlights of, 40 
overview of, 10-12 

lime from bachelor's to docto al decree, 
45, 204 
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as an intended major of precollege stu- 
dents, 24-25, 177 
precollege 

computer competence, 21-22 

highlights of, 20 

intended majors of students, 24-25, 177 
mathematics achit»vement scores, 9, 21, 

24, 33-35, 174, 177, 192 
mathematics courses taught, 33-35, 191 
mathematics textbook content, 35-36, 193 
overview of, 9-10 
SAT scores, 22-25, 175-178 
sdence achievement scores, 9-10, 21, 174 
students' attitudes toward mathematics, 
36, 193-194 
as a probable major for freshmen, 25, 26, 
179 

in 3/E, public attitudes toward, 143-145 
undergraduate 

enrollment in, 10, 41, 42, 195 

expected majors of freshmen, 25, 26, 179 

foreign students in, 44, 201 

highest degree planned by freshmen, 11, 
41, 42 

highlights of, 40 

overview of, 10-12 

prob'ible career occuoauon of freshmen, 
11,11,41 

probable majors of freshmen, 10, 11, 41, 
42 

Educational institutions. S'^c Colleges and 

universities. 
Electrical/electronics engineering 
doctoral research S/E's in, 90-91, 93-94 269 
274 

doctoral S/c's in, 55, 56, 60-61, 220, 223, 224 
R&D funding in, 13-14, 79-80, 253-254 
research S/E's in, 90-91, 93-94, 268, 273 
S/Es employed in, 6-7, 64-66, 216, 218, 219, 
225 

Elementary students. See Students, 

precollege 
Employment 
perceived effect of S/T on, 150-152 
rates of, in S/E, 64, 225 
Energy, Department of (DOE), 32 

support of R&D by, 78-80, 245, 248-249, 251 
Engineering. See also Science; Science and 
engineering, 
articles institutionally co-authored in, 84, 
264, 279 

articles internationally co-authored in, 
98-99, 285 

baccalaureate sources of doctorates in, 

47-48. 207, 2C8, 211 
citations in articles in. 12 13, 99, 289-290 
doctorates awarded in, 44-45, 202 
foreign recipients of U.S. doctoral degrees 

in, 92, 271, 283 
graduate S/E enrollment in, 41-44, 196-200 
graduate students 
financial support for, 45-47, 205, 206, 215 
lime from bachelors to doctoral decree, 
45, 204 

as an intended major of precollege stu- 
dents, 24-25, 177 

as a probable major for freshmen, 25, 26, 
179 

R&D funding in, 13-14, 79-80, 253-255 
and SAT sco»es, 22-?3, 175 
undergraduate enrollment in, 42 
U.S. anJ world articles in, 99, 287-288 
U.S. doctoral recipientsstudyingabroad in, 
98, 284 

Engineering Manpower Commission, 41 
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Engineering technology, undergraduate en- 
rollment in, 42 

Engineers. See also Scientists; Scientists and 
engineers. 

academic doctoral employment of, 48-49, 

212-214 
defined, 52// 

doctoral research S/E's, 90-91, 93-94, 269, 
274 

doctoral S/E's, 55, 56, 60-61, 220, 223, 224 
employed S/E's, 6-8, 64-66, 216, 218, 219, 
225 

faculty consultants to businesses, 97, 281 
postdoctorates in doctoral-granting institu- 
tions, 43, 200 
research S/E's, 90-91, 93-94, 268, 2/3 
England. See United Kingdom. 
Enrollments 
graduate, 41-44, 196-200 
public school, 27-28, 187 
undf?rgraduate, 10, 41, 42, 195 
Entrepreneurship in colleges and univer- 
sities, 97-98 
Environmental engineei;ng 
as an intended major of precollege stu- 
dents, 24-25, 177 
and SAT scores, 22-23, 175 
Environmental sciences 
academic doctoral employment in, 48-49, 
212-214 

baccalaureate sources of doctorates in, 
47-48, 208 

courses taken by precollege teachers in, 
26-27, 181 

doctoral research S/E's in, 90-91, 93-94, 269, 
274 

doctoral S/E's in, 55, 56, 60-61, 220, 223, 224 
faculty consultants to businesses in, 97, 281 
foreign recipients of U.S. doctoral degrees 
in, 92, 271 

graduate S/E enrollment in, 41-44, 196-200 

graduate students, financial support for, 
45-47, 205, 206, 215 

as an intended major of precollege stu- 
dents, 24-25, 177 

postdoctorates in doctoral-granting institu- 
tions, 43, 200 

R&D funding in, 13 t4, 79-80, 253-255 

research materials in, 85 

research S/E's in, 90-91, 93-94, 268, 273 

and SAT scores, 22-23, 175 

S/E's employed in, 6-8, 64-66, 216, 218, 219, 
225 

U S. doctoral recipientsstudyingabroad in, 
98, 284 

Equipment, R&D spending for, 14, 82-84,256, 

259-263 
Ethnic comparisons 
doctoral research S/E's, 91-92, 270 
doctorate recipients, 48, 209 
graduate students, enrollment of, 43-44, 
196, 197 

population of 18-21 year olds, in U.S., 195 
precollege students 
mathematics achievement scores, 9, 21, 
174 

SAT scores of, 22-25, 175, 176, 178 
science achievement scores, 9-10, 21, 174 
years of mathematics, physical sciences, 
and biological sciences studies, 23 
precollege teachers in science and mathe- 
matics, 26, 181 
S/E's, employment of, 8, 63-64, 230-232 
undergraduate students, enrollment of 
18-21 year olds, 10, 41, 195 
Europe 



fortMgn sUidenls in U.S. from, 44, 201 
ro)'ally receipls from and paynionls to U.S., 
130-132, 320-323 
Exports. Sec Inlernaliona! markols for U.S. 
technology. 

F 

Facilities 
defined, 80/i 

R&D spending for, 14, «0-«2, 256-258 
Factory workers, salaries of, 180 
Faculty, consulting by, 97, 281 
Federal government 
article cross-sectv.r co-aulliorsliip and cita- 
tions, 17, 95-96, 277-278 
cr s-seclor mobility mvolving, 94-95, 272, 
275 

doctoral :\»search S/Cs in, 90-93, 269 
funding for R&D by. See Research and de- 
velopment, funding for. 
involvement in research, 89, 90, 241, 
266-267 

minority doctoral research S/B's in, 91-92, 
270 

participation in internationally co-authored 

articles, 98-99, 286 
regulation of SIT bv, 160-161 
research S/H's in, 90-93, 268 
S/E labor force trends in, 55, 58, 219-220 
support of S/E graduate students by, 45-47, 

205, 215 

women doctoral research S/E's in, 91, 270 
Federal Intramural Laboratories, R&D sup- 
port of, 79, 249 
Federal programs for precollege teachers, 
31-32 

Federal Republic of Germany (FRG). Sec West 
Germany. 

Federally Funded Research and Development 
Centers (FFRDCs) 
article cross-sectOi co-authorship and cila- 

t; ns, 17, 95-96, 277-278 
involvement in research, 89, 90, 241, 
266-267 

participation in internationally co-authored 

articles, 98-99, 286 
R&D t>xpenditu! -s for, 14, 77, 79, 238-239, 

241, 248 

Financial support of S/E graduate sludjnis 

by gender, 46-47, 215 

introduced, 45-46 

source of, 46-47, 205, 215 

type of, 46, 206 
Finland 

piecollege mathematics achievement scores 

in, 9, 24, 33-35, 177 192 
precollege mathematics courses taught in, 
33-35, 191 
Foreign college 'tudenls 
graduate, 12, 44, 45, 156, 198, 201 
undergraduate, 44, 201 
Foreign countries, data for. Sec International 

comparisons. 
Foreign recipients of U.S. doctoral degrees, 

92, 98, 271, 283 
Forestry as i probable major for freshmen, 25, 

26, 179 
France 

basic research performers in, 89, 90, - 7 
direct investment in the U.S. by, 128-130, 
318 

exports of high-technology products from, 

133-135, 324-'^26 
industrial R&D funding and perlormance 

in, 103, 293 



mternationallv co-authored articles in, 
98-99, 286' 

national R&D expenditures in, 3-4, 77, 
234-237 

patent citations from U.S. patents to earlier 

patents issued to, 1 10 
precollege mathematics achievement scores 

in, 33-35, 192 
precollege mathematics courses taught in, 

33-35, 191 

pubhc attitudes on U.S. vs. foreign S.T, 

157-159, 336-337 
public f rceptions of benefits and harms 

froiiw ^»nce, 18, 147-149, 332 
roplly receipts from and payments to U.S., 

130-132, 320-321 
S/E's employed in, 5, 70-72, 226-229 
sharing of DSDP costs by, 100 
U.S. academic exchange visas issued to, 9t>, 

285 

U.S. direct investment in, 125-126 135-136, 
315, 327 

U.S. patent application success rales for, 

110-111, 306 
U.S. patents granted to inventors from, 

107. 302 

U.S. patents granted to inventors in, 

109-110, 304-305 
weaving equipment innovations in, 1 18-1 19 
FRG (R^deral Republic of Germany). See West 
Germany. 

Funding for R&D. Sec Research and develop- 
ment, fi'nding for. 
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Gender compansons. See also Women, 
doctoral research S/E's, 91, 270 
doctorate recipients, 48, 209 
graduate students 
degrees awarcied, 45, 203 
enrollment of, 43, 200 
financial support of, 46-47, 215 
time from bachelor's to doctoral degree, 
45, 204 

population of 18-21 year olds, in U.S., 195 

prcnrollege students 
computer competence of, 21-22 
mathematics achievement fcores, 9, 21, 
174 

SAT scores of, 22-25, 175, 176, 178 
science achievement scores, *>10, 21, 174 
yc irs of mathematics, physical sciences, 
and biological sciena»s studies, 23-24 
precollege teachers, in science and math - 

matics, 26, 180 
public acceptance of scientific conclusion*- 
335 

public assessment of beneficial vs. harmful 
results of scientific research, 331 

public assessment ol genetic engineering 
research, 339 

public assessment of nuclear power, 339 

public assessment of space expl'^ration, 338 

public attentive to or inlere.ited in S/T, 328 

public romputer use, 331 

public image of scientists, 335 

public support for basic scientific research, 
337 

public understanding of various aspects of 

Sn; 328-329 
public use of information sources, 330 
public views of the limits of science, 336 
S/U's 

doctoral, 62-63, 2^0, 223-224 



<>niplovment ol, 7-8, Ol-(u, 70-72. 216, 
220, 223-224, 226 
undergraduate students 
degrees awarded, 45, 203 
enrollment of 18-21 year olds, 10, 41, 195 
probable majors for freshmen, 25, 26, 179 
Gene research libraries, 85 
Germany. See West Germany. 
Germplasm data, 85 
GNP. See Gross National Product. 
Grade Point Average (GPA), entry, for educa- 
tion majors, 31 
Graduate students. See Students, graduate 
GrcMl Britain. See United Kingdom. 
Gross r .tional Product (GNP) 
implicit price deflator, 124h 
R&D funding as a percent of, 3, 77, 236-238 



H 

I'teal*' and Human Services, Department of, 
support of S/E graduate students by, 47, 
215 

Health professions (non-MD) 

as an intended major of precollege stu- 
dents, 24-25, 177 

as ? probable major for freshmen, 25, 26, 
179 

Health sciences 
baccalaureate source^i of doctorates in, 
47-48, 207 

graduate students, financial support for, 
45-47, 205, 206, 215 
Health workers (non-MD), salaries of, 180 
HHS. See Health and Human Services, De- 
partment of. 
Higher education. See Education, graduate 

and undergraduate. 
Higher education reforms 30, 31 
Hispanic Americans 
doctorate rcnripienls, 48, 209 
graduate students, enrollment of, 43-44, 
196, 197 

population of 18-21 year olds in U.S., 195 

precollege siucl<;nls 
computer competence of, 21-22 
mathematics achievement scores, 9, 21, 
17^ 

SAT scores of, 22-25, 175, 176, 178 
science achievement scores 9-10, 21, 174 
precollege teachers in science and mathe- 
matics, 26, 181 
S/E's, employment of, 8, 63-64, 232 
undergraduate students, enrollment of 
18-21 year olds, 10, 41, 195 
Holmes Group, 26 
Hong Kong 
exports and imports of high-technology 

products, 133-135, 326 
precollege mathematics achievement scores 
in, 33-35, 192 
Human resources. Sec Science and engineer- 
ing, workforce in. 
Humanities 
graduate students, Hme from bachelor's to 

doctoral degree, 45, 204 
as an intended major of precollege stu- 
dents, 24-25, 177 
as a probable major for freshmen, 25, 26, 
179 
1 lungary 

precollege mathematics achievement srores 

in, 9, 24, 33-35, 177, 192 
prc»college mathematics courses taught in, 

33-35, 191 
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I 

Imports. See Inlemnlional markcls tor U.S. 

technology. 
Income research d«ita, «S6 
Independent research and development 

(IR&D), HUti 
Indirect cost ratio (NIM), 79, 246, 246// 
Industrial engineering 
research S/E's in, 90-91, 93-94, 268, 273 
S/B's employed in, 6 225 
Industrial research. Sec also Academic re- 
search; Applied research; Basic research; 
Development; Research and 
development, 
funding for, 13, 77, 80, 241, 250-251, 255 
highlights of, 102-103 
overview of, 12, 13, 16 
patented inventions, 106 
citations from patents to previous pat- 
ents, 110 

inventors and owners of inventions pat- 
ented in the U.S., 12, 13, 106-109,303 
patenting by individual countries in vari- 
ous fields, 109-110, 304-305 
success rales of patent applications, 
110-111,306 
R&D expenditure; in indusirv, 16, 103, 104, 
293-296 

R&D expenditures and employment in 
individual industries, 16, 105-106, 
295-301 

trends in company funding, 104-105, 294 
trends in Federal funding, 105 
S/E personnel in industry, 103-104, 218, 227 
small business in high technology. 111 
and biotechnology, 115-116, 309-311 
employment in, 111-114, 306 
venture capital and, 114-115, 306-308 
technological innovation in industry 
efforts across U.S. industry, 16, 116-117, 
312 

in individual technologies, 117-119 
Industry 

article cross-sector co-«iuthorship and cita- 
tions, 17, 95-96, 277-279 

cross-sector mobility involvmg, 94-95, 272, 
275-276 

DOC-3 classification of, 11 1, 111//, 124, 127 
127// 

doctoral research S/E's in, 90-93, 269 
involvement in research, 89, 90, 241, 
266-267 

minority doctoral rc\st:C»r<:h S/E's in, 91-92, 
270 

participation in internationally co-authored 

articles, 98-99, 286 
research S/E's in, 90-93, 268 
S/E labor force trends in, 55-5«*^, 2T>-221 
women doctoral research S/E's in, ^i, 270 
Information in S/T, public consumption of, 

145-J46, 330 
Initial Public Offerings (IPO's), 114-115, 308 
Innovation. See Technological innovation in 
industry. 

Input-Output studies on precollege teachers, 
33 

Institutional support. Sec Financial support. 
Institutions 

educational. Set' Colleges and universities. 

nonprofit. See Nonprofit institutions. 
Instructors in S/E, 48, 214 
1 n St m mentation 

defined, 82// 

R&D spending for, 14, 82-84, 256, 259-263 



Interdisciplinary .sciences 
as >n intended major o! precolloge stu- 
dents, 24-25, 177 
and SAT scores, 22-23, 175 
International Association for Social Sciences 
Irlormation Services and technology, 86 
Inte^alionnl collaboration, 98-100, 285-286, 
291 

international comparisons 
articles inlernalionallv co-authored, 98-99, 

285-286, 291 
employment of S/E's, 70-72, 226-229 
' <pori of high-lechnologv products, 

133-/35, 324-326 
first degreos in S/E, 5, 71, 233 
for»ngn direct investment in the U.S., 

128-130, 318 
imports of high-lechnologv products, 

133-135, 324-326 
industrial R&D funding and performance, 

103, 293 

national R&D expenditures, 3-4, 77, 234-238 
patent citations from U.S. patents to earlier 

patents, i:0 
performers of basic research, 89, 90, 267 
precollege mathematics achievement 

scores, 9, 24, 33-35, 177, 192 
precollege malhemancs courses taught, 

33-35, 191 

public attitudes on U.S. vs. foreign S/T, 

157-159, 336-337 
public peiceplions of benefits and harms 

from science, 18, 147-148. 332 
supercomputer installations, 85 
technology sales and purclwse tigreements 

with Japan, 132, 322-323 
U.S. academic exchange \isas iisued, 98, 

285 

U.S. direct investment in foreign countries, 

125-126, 135-136, 315-317, 327 
U.S. patent application success rales, 

110-111, 3Go 
U.S. patents granted to foreign inventors, 

107, 109-ilO, 302, 3C4-305 
U.S. receipts and payments of rovalties, 

130-132, 320-323 
weaving equipment innovations, 118-119 
International markets for U.S. technology 
highlights of, 122-123 
international diffusion of technology, 123 
foreign direct investment in the U.S., 

128-130, 318-319 
international direct investment, 125-128, 
315-319 

international trade in high-technology 
products, 15, 123-125, 313-314 

pai'ent licenses and technolo^ / agree- 
ments, 130-132, 322-323 
overview of, 15 

technology and U.S. competitiveness, 133 
direct investment and firm competi- 
tiveness, 125-126, 135-136, 315-317, 
327 

higii-iechnology trade competitiveness, 
15, 133-135, 313, 324-326 

IPO's (Initial Public Offerings), 114-115, 308 

IR&D (Independent research and develop- 
ment), 104;/ 

Iran, U.S. academic exchange visas issued to, 
98, 735 

Ireland 

public perceptions of benefits and harms 

from science, 18, 147-148, 332 
weavjng equipment innovations in, 1 18-1 19 



Israel 

precollege mathematics achievement scores 

in, 9, 24, 33-35, 177, 192 
precollege mathematics courses taught in, 

33-35, 191 

Italy 

patent citations from U.S. patents to earlier 

patents issued to, 1 10 
public perceptions of benefits and harms 

from science, 18, 147-148, 332 
U.S. patent application success rales for, 

110-121, 306 
U.S. patents granted to inventors in, 

i09-110, 304 
weaving equipment innovations in, 1 18-1 19 

J 

Japan 

basic research performers in, 89, 90, 267 
direct investment in the U.S. bv, 128-130, 
318 

exports and imports of high- technology 

products, 133-135, 324-326 
industrial R&D funding and performance 

in, 103, 293 
internationally co-authored articles in, 

^8-99, 286 

national R&D expenditures in, 3-4, 77, 
234-237 

patent citations from U.S. patents to earlier 

po ents issued to, 110 
precollege mathematics achievement ^vores 

in, 9, 24, 33-35, 177, 192 
precollege mathematics courses taught in, 

33-35, 191 

public altitudes on U.S. vs. foreign S/T, 

157-159, 336-337 
public perceptions of benefits and hnnns 

from science, 18, 147-149, 332 
royalty receipts from and payments to II S . 

130-132, 320-323 
S/E's employed in, 5, 70-72, 226-229 
sharing of DSDP costs by, 100 
supercomputer installations in, 85 
tec'inology sales and purchase agreements 

with, 132, 322-323 
U S. academic exchange visas issued to, 98, 

285 

U.S. direct investment in, 125-126, 135-136, 
315, 327 

U.S. patent application success mles for, 

110-111, 306 
U.S. patents granted to inventors from, 

107, 302 

U.S. patents granted to inventors in, 

109-110, 304-305 
weaving equipment innovations in, 118-1 19 

K 

Korea. See South Korea. 
Kuwait, public perceptions of benefits and 
harms from science, !8, 147-148, 332 

L 

Labor force in S/E. Sir Sdence and engineer- 
ing, workforce in. 

Land Grant College system, 20 

Language arts, Carnegie units required in, 32, 
189 

Latin America, foreign students in U.S. from, 
44, 201 

Lawrence Berkeley L<iboralory (LBL), 32 
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Liwronco Livormoro National Laboratory, 85 
Lebanon, public perceptions ot benetits and 

harms from science, 18, 147-148, 332 
Life sciences 
academic doctoral employment m, 48-49, 
212-214 

baccalaureate sources ot doctorates in, 

47-48, 207, 211 
courses taken bv prccollege teachers in, 

26-27, 181-183 
doctoral research S/li's m, 90-91, 93-94, 269, 

274 

doctoral S/E's in, 55, 56, 60-61, 22^^ 223, 224 
doctorates awarded in, 44-45, 201 
foreign recipients of U.S. doctoral degrees 

in, 92, 271, 283 
graduate S/E enrollment in, 41-44, 196-200 
gradua .» students 

financial support for, 45-47, 215 
time from bachelor's to dccloral degree, 
45, 204 

as an intended major of precollege stu- 
dents, 24-25, 177 

postdoclorates in doctoral-granting institu- 
tions, 43, 200 

R&D funding in, 13-14, 79-80, 252-255 

reseaich S/E's in, 90-91, 93-94, 268, 273 

and SAT scores, 22-23, 175 

S/E's employed in, 6-8, 64-66, 216, 218, 219, 
225 

Literature. Sec Articles. 
Los Alamos National Laboratory, 85 
Luxembourg 
precollege mathematics achievement scores 

in, 33-35, 192 
precollege mathematics courses taught in, 
33-35, 191 

M 

Management of R&D, academic doctoral S/E's 

in, 48-49, 213 
Managers, salaries of, 180 
Markets, international. Stv International mar- 
kets for U.S. technology. 
Master's degrees. Sec Degrees, master.-. 
Materials engineering 
doctoral research S/E's m, 90-91, 93-94, a69, 
274 

doctoral S/E's in, 220, 224 
research S/E's in, 90-91, 93-94, 268, 273 
S/E's employed in, 6 225 
Matliematical sciences 
academic doctoral employment in, 48-49, 
212-214 

doctoral research S/E's in, 90-91, 93-9^, 269, 
274 

doctoral S/E's in, 55, 56, 60-61, 22n, 223, 224 
foreign recipients of U.S. doctoral degrees 

in, 92, 271, 283 
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